




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































intJ 8295 

lowed by a byte specifying the column. The tab posi­
tions will then remain valid until new Set Tab commands 
are issued. 

Sending a tab character (09H) will automatically fill the 
character buffer with blanks up to the next tab position. 
The character sent immediately after the tab character 
will thus be stored and printed at that position. 

CPU TO 8295 INTERFACE 
Communication between the CPU and the 8295 may 
take place in either a serial or parallel mode. However, 
the selection of modes is inherent in the system hard­
ware; it is not software programmable. Thus, the two 
modes cannot be mixed in a single 8295 application. 

PARALLEL INTERFACE 

Two internal registers on the 8295 are addressable by 
the CPU: one for input, one for output. The following 
table describes how these registers are accessed. 

1 0 
o 1 

o 
o 

Register 

Input Data Register 
Output Status Register 

Input Data Register-Data written to this register is 
interpreted in one of two ways, depending on how the 
data is coded. 

1. A command to be executed (OXH or 1XH). 
2. A character to be stored in the character buffer for 

printing (2XH, 3XH, 4XH, or 5XH). See the character 
set, Table 2. 

Output Status Register-8295 status is available in this 
register at all times. 

STATUS BIT: 
FUNCTION: PA DE IBF 

PA-Parameter Required; PA = 1 indicates that a com­
mand requiring a parameter has been received. After the 
necessary parameters have been received by the 8295, 
the PA flag is cleared. 

DE-DMA Enabled; DE = 1 whenever the 8295 is in DMA 
mqde. Upon completion of the required DMA transfers, 
the DE flag is cleared. 

IBF-Input Buffer Full; IBF = 1 whenever data is written 
to the Input Data Register. No data should be written to 
the 8295 when IBF = 1. 

A flow chart describing communication with the 8295 is 
shown in Figure 3. " 

The interrupt request output (IRQ, Pin 36) is available on 
the 8295 for interrupt driven systems. This output is 
asserted true whenever the 8295 is ready to receive data. 

To improve bus efficiency and CPU overhead, data may 
be transferred from main memory to the 8295 via DMA 
cycles. Sending the Enable DMA command (08H) acti­
vates the DMA channel of the 8295. This command must 
be followed by two bytes specifying the length of the 
data string to be transferred (least significant byte first). 
The 8295 wi" then assert the reqllired DMA requests to 

the 8257 DMA controller without further CPU interven­
tion. Figure 4 shows a block diagram of the 8295 in DMA 
mode. 

DONE 

Figure 3. Host to 8295 Protocol Flowchart 

8257 
DMA 

CONTROLLER 

\r-----.A DACKx 

DRQx 

f------ics DRO 

\-----Iliii DACK 
\-------1 WR 

\-----1 RESET 
MOT 

8295 

1------lIRO 
STB 

OPTIONAL 

PFEED 1--------------1 
�H�O�M�E�~�-�-�-�-�-�-�-�-�-�-�~� 

PRII!ITEB 

Figure 4. Parallel System Interface 

Data transferred in the DMA mode may be either com­
mands or characters or a mixture of both. The procedure 
is as follows: 

1. Set up the 8257 DMA controller channel by sending a 
starting address and a block length. 

2. Set up the 8295 by issuing the "Enable DMA" com­
mand (08H) followed by two bytes specifying the 
block length (least significant byte first). 

The DMA enabled flag (DE) will be true until the 
assigned data transfer is completed. Upon completion 
of the transfer: th,e flag is cleared and the interrupt re­
quest (IRQ) signal is asserted. The 8295 then returns t6 
the non-DMA mode of operation. 
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SERIAL INTERFACE 

The 8295 may be hardware progriimmed to operate in 
a serial mode of c.ommunicatlpn. By connecting the 
IRQ/SER pin (pin 36) to logic zero, the serial mode is 
enabled immediately upon power-up. The serial Baud 
rate is also hardware programmable; by strapping pins 
14,13, and 12 according to Table 3, the rate is selected. 
CS, RD, and WR must be strapped as shown in Figure 5. 

Table 3. Serial Baud Rate 

Pin 14 Pin 13 Pin 12 Baud Rate 

0 0 0 110 
O. 0 1 150 
0 1 0 300 
0 1 1 600 
1 0 0 1200 
1 0 1 2400 
1 1 0 4800 
1 1 1 4800 

The serial data format is shown in Figure 5. The CPU 
should wait for a clear to send signal (CTS) from the 
8295 before sending data. 

SERIAL 
INPUT 

+5 

CTS 

SER 

PFEED I-~~~~~-I 

HOME I---~ 

PRINTER 

STOP 

L-__ ~~ __ ~~ __ ~~ __ ~~~ B~ 

Figure 5. Serial Interface to UART (8251 A) 

8295 TO PRINTER INTERFACE 
The strobe output signal of t~e 8295 determines the 
duration of the solenoid outputs, which hold the data to 
the printer. These solenoid outputs cannot drive the 
printer solenoids directly. They should be buffered 
through solenoid drivers as shown in Figure 6. Recom­
mended solenoid and motor driver circuits may be found 

+. 

STB 

Sf 

56 

56 
TO 

54 
SOLENOID 

8295 
DRIVERS 

53 

52 

51 

MOT 
} TO MOTOR 

DRIVERS 
PFM 

Figur~ 6. 8295 To Printer Solenoid Interface 

OSCILLATOR AND TIMING CIRCUITS 
The 8295's internal timing generation is controlled by a 
self-contained oscillator and timing circuit. A' 6 MHz 
crystal is used to derive the basic oscillator frequency. 
The resident timing circuit consists of an oscillator, a 
state counter and a cycle counter as illustrated in Figure 
7. The recommended crystal connection is shown in 
Figure 8. 

SYNC 
OUTPUT 
(2.5 ,",sec) 

Figure 7. Oscillator Configuration 

r XTAL1 

1-6MHz~ 829. 

I3 'XTAL2 

20 PF± 

in the printer manufacturer's interface gUide. Figure 8_ Recommended Crystal Connection 
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8295 CHARACTER SET 
Hex Code Print Char. Hex Code Print Char. 

20 space 30 0 
21 ! 31 1 
22 32 2 
23 # 33 3 
24 $ 34 4 
25 % 35 5 
26 & 36 6 
27 37 7 
28 38 8 
29 39 9 
2A 3A 
2B + 3B 
2C 3C < 
20 3D 
2E 3E > 
2F 3F ? 

ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ......... O"C to 70"C 
Storage Temperature ............... - 65" to + 150"C 
Voltage on Any Pin With 

Respect to Ground .................. -0.5V to +7V 
Power Dissipation .......................... 1.5 Watt 

Hex Code Print Char. Hex Code Print Cha~. 

40 @ 50 P 
41 A 51 Q 

42 B 52 R 
43 C 53 S 
44 0 54 T 
45 E 55 U 
46 F 56 V 
47 G 57 W 
48 H 58 X 
49 I 59 Y 
5A J 5A Z 
4B K 5B [ 
4C L 5C \ 
40 M 50 1 
4E N 5E t 
4F 0 5F 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional opera­
tion of the device at these or any. other conditions above 
those indicated in the operational sections of this specifi­
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. AND OPERATING CHARACTERISTICS (TA = O°C to 70°C, Vcc = Voo = +5V ± 10%, Vss = OV) 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min. Typ. Max. 

Vil Input Low Voltage (All -0.5 0.8 V 
Except X1, X2, RESET) 

VIl1 Input Low Voltage (X1o X2, -0.5 0:6 V 
RESET) 

VIH Input High Voltage (All 2.2 . Vee V 
Except X1, X2, RESET) 

VIH1 Input High Voltage (X1, X2, 3.8 Vee V 
RESET) 

VOL Output Low Voltage (00-07) 0.45 V IOl=2.0mA 

VOL1 Output Low Voltage (All 0.45 V IOl= 1.6mA 
Other Outputs) 

VOH Output High Voltage (00-07) 2.4 V IOH= -400J.lA 

VOH1 Output High Voltage (All 2.4 V IOH= -50J.lA 
Other Outputs) 

III Input Leakage Current ±10 J.lA Vss " VIN" Vee 
(RD, WR, CS, AriJ 

IOFl Output Leakage Current ±10 J.lA Vss+0.45 '" Your '" Vce 
(00-07, High Z State) 

100 Voo Supply Current 5 15 rnA 

100+ Icc Total Supply Current 60 125 rnA 

III Low Input Load Current 0.5 rnA Vll =0.8V 
(Pins 24, 27-38) 

ILl1 Low Input Load Current 0.2 rnA Vll =0.8V 
(RESET) 

IIH Input High Leakage Current 100 }LA VIN = Vee 
(Pins 22, 38) 

CIN Input Capacitance 10 pF 
CliO I/O Capacitance 20 pF 
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A.C. CHAR~CTERISTICS (TA = O°C to 70°C, Vcc = Voo = +5V ± 10%, VSS = OV) 

DBB READ 

Symbol Parameter Min. Max. Unit Test Conditions 

tAA CS, Ao Setup to RD + 0 ns 

tAA CS, Ao Hold After RD t 0 ns 

tAA RD Pulse Width 250 ns 

tAO CS, Ao to Data Out Delay 225 ns CL= 150 pF 

tAO RD + to Data Out Delay 225 ns CL= 150 pF 

tOF RD t to Data Float Delay 100 ns 

tCY Cycle Time 2.5 15 ,..s 

DBB WRITE 

Symbol Parameter Min. Max. Unit Test Conditions 

tAW CS, Ao Setup to WR + 0 ns 

tWA CS, Ao Hold After WR t 0 ns 

tww WR Pulse Width 250 ns 

tow Data Setup to WR t 150 ns 

two Data Hold to WR t 0 ns 

DMA AND INTERRUPT TIMING 

Symbol Parameter Min. Max. Unit Test Conditions 

tAcc DACK Setup to Control 0 ns 

tCAC DACK Hold After Control 0 ns 

tCAO WR to DRO Cleared 200 ns 

tACO DACK to Data Valid 225 ns CL = 150 pF 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

DEVICE 
UNDER 

~C'=150PF TEST 

-= 
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WAVEFORMS 

READ OPERATION-OUTPUT BUFFER REGISTER 

CSOR Ao ) 
_IARj 

IRR -IRA-

"\ 

I---IRO I--I,OF 

WRITE OPERATION-INPUT BUFFER REGISTER 

K (SYSTEM'S 
ADDRESS BUS) 

(READ CONTROL) 

~ V (SYSTEM'S 

CSORAo _____ I~""~~---!\ ADDRESS BUS) 

". ~ ~ l--IW-A-_-,-"~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~(WRITE CONTROL) 

DATA BUS DATA \ ____ DATA VALID ______ ~ DATA 
MAY CHANGE (INPUT) MAY CHANGE /' t\ 

------------~----~ ~-----------------------

DMA AND INTERRUPT TIMING 

_IACC~ ICAC_ -
1\ 

ORO } 
tCAQ 

_-_tACO 

D:~~ ____________ ~-----------VA-L-ID-------------J)(~------------
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WAVEFORMS (Continued) 

PRINTER INTERFACE TIMING 

MOTOR DRIVE \ I 

HOME 
1/ 

~ 

SOLENOID DATA } K 
- -cI--- SOs ~ MH, -
~~ ~ 

~SHSI~ -PoH -

SOLENOID STROBE 

PFEED j J1 r-I 
PFM 

Symbol Parameter Typical 

POH Print delay from 1.8 ms 
home inactive 

Sos Solenoid data 2510's 
setup time before 
strobe aotive 

SHS Solenoid 'data >1 ms 
hold after strobe 
inaotive 

MHA Motor hold time 3.2 ms 
after home aotive 

PSP PFEED setup time 58 ms 
after PFM aotive 

PHP PFM hold time 9.75 ms 
after PFEED aotive 
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WINCHESTER DISK CONTROLLeR 

• Controls SA1000/ST5061nterface 
Winchester Drives 

• 5 MBit/Sec Transfer Rate 

• 128,256,512, and 1024 Byte Sector 
Lengths 

• Six High-Level Commands: Restore, 
Seek, Read Sector, Write Sector, Scan 
10, and Write Format 

• Multiple Sector Transfer Capabili,y , 

• Implied Seek With Read/Write 
Commands 

• 7 Byte Sector Length Extension For 
Extemal Error Correction Code 

• Single +5 Volt Power Supply 

The 82062 Winchester Disk Controller chip interfaces microprocessor systems to Winchester disks that use the 
Shugart Associates SA1000 or Seagate Technology ST506 interface. Examples include Seagate ST506 and 
ST512, Shugart SA1000, SA1100, and SA600, Tandon 600, Texas Instruments 506, RMS 500, and Quantum 
Q2000. The device translates parallel data from the microprocessor to a 5 mbit/sec, MFM-encoded serial bit 
stream. It provides all the drive control logic and, in additiQn, control signals which simplify the design of an exter­
nal-phase locked loop and write precompensation circuitry. The 82062 is designed to interface to the host control­
ler through an external sector buffer. 

TASK, STATUS, DATA 
REGISTERS BCS VCC DATA 

080-7 BUS BCR ~DCLDCK 
BUFFER 

INTRQ RDGATE 
WRDATA 

NC RDDATA 
EARLY RESET BORQ 

WRITE [ill 
CONTROL iiii BRDY 

RWC Viii DRlIN 

RESET WR CLOCK cs Rwe 

AD sc 
INTRQ 

RDDATA A1 TRACK 000 
AO-2 

iiii READ RDGATE A2 WR FAULT 

CONTROL DB7 INDEX 
ViR DRUN 

cs RDCLDCK DB8 DRDY 

DBs STEP • 

DB4 DIR 
BRDY WR GATE 

BCS BUFFER STEP 
DB3 WRCLDCK 

CONTROL DB2 WRGATE 
BDRQ DIR 

iiCR 
DB1 EAiit'i 

DRIVE D80 [ill 
INTERFACE DRDY 

VCC-"""" CONTROL Vss WRDATA 
WR FAlILT 

Vss---' TRACK 000 

INDEX 

sc 

Figure 1. 82062 Internal Block Diagram Figure 2. Pin Configuration 

Intel Corporation assumes no responSibility for use of any Circuitry other than Circuitry embodied In an Intel product No other CIrcuit patent licenses are Imp1led 

@INTELCORPORATION1982 
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FUNCTIONAL DESCRIPTION 

The 82062 Winchester Oisk Controller integrates 
much of the logic needed to implement Winchester 
disk controller subsystems. It provides MFM-en­
coded data and all the control lines required by hard 
disks using the Seagate Technology ST506 or Shu­
gart Associates SA1000 interface standard. Current­
Iy, most 5-1/4 inch and many 8 inch Winchester drives 
use this interface. 

Oue to the higher data rates required by these 
drives-1 byte every 1.6 usec-the 82062 is designed 
to interface with the host CPU or I/O controller 
through an external buffer RAM. The 82062 WOC has 
four pins that minimize the logic required to design a 
buffer interface. 

Figure 3 shows a block diagram of an 82062 subsys­
tem. The WOC is controlled by the host CPU through 
six commands: 

Restore 
Seek 
Read Sector 
Write Sector 
Scan 10 
Write Format 

These commands use information stored by six task 
registers. Command execution starts immediately 

..... -------------I60RO 

..... -------------IINTRO 

after the command register is loaded-therefore 
commands require only one byte from the CPU after 
the WOC has been initialized. 

The 82062 adds all the required track formatting to the 
data field, including two bytes of CRC. Optionally, 
these two bytes can be replaced by seven bytes of 
ECC information for external error correction. 

PROCESSOR INTERFACE 

Figure 4 shows one possible hardware interface be­
tween the WOC and the host CPU or I/O controller. 
For initializing the 82062, the host uses the standard 
peripheral interface lines: RO, WR, CS, and Ao_2' For 
read and write cycles, the host and the WOC ex­
change data through an external RAM buffer. The 
WOC has four pins, BCR, BCS, BROY, and BORQ, 
that facilitate the design of the buffer interface. 

The processor starts disk operations by initializing 
the WOC. It first writes the appropriate parameters 
into the task register file. The task information in­
cludes the drive number, cylinder, head, and sector 
numbers, sector size, number of sectors to be trans­
ferred, and the track number for write precompensa­
tion to start. After the 'task information, the command 
is written to the command register. See the 82062 
Register-CPU Interface section for more details. 

RO CLOCK 

ROOATA I..-------.....J 
EARLY, RWC I--------~ 

LATE 1-------.., 
82062 
WOC 

WR DATA 

I-----......jcs 10MHZ 

"""----"=='-='-----....,/1 AO·A2 DRIVE CONTROL 

Figure 3. System Block Diagram 
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Table 1. Pin Description 

Symbol Pin No. Type Name and Function 

DB7-DBo 12-19 I/O Data Bus: Bidirectional 8-bit Data Bus 

RESET 5 I Reset: Initializes the controller and clears all status flags. 

RD 6 I/O Read: As an input, RD controls the transfer of status information from the WDC to the 
host. RD is an output for reading data from the sector buffer. 

WR 7 I/O Write: As an input, WR controls the transfer of command or task information into the 
WDC. WR is an output for writing data to the sector buffer. 

CS 8 I Chip Select: Enables RD or WRas inputs. 

Ao-A2 9-11 I Address: Used to select a register from the task register file. 

INTRQ 3 0 Interrupt Request: Interrupt generated by the WDC upon command termination. It IS 

reset when the status register is read. 

BCS 1 0 Buffer Chip Select: Output used to enable reading or writing of the external sector 
buffer. 

BCR 2 0 Buffer Counter Reset: Can be optionally used to reset the address counter of the 
buffer memory. Activated by Read and Write Commands. 

BRDY 35 I Buffer Ready: Input used by the buffer memory to signal the controller that it IS ready 
for reading (full) or writing (empty). BRDY is checked during Read and Write com-
mands. 

BDRQ 36 0 Buffer Data Request: Optionally activated during Read or Write commands if BRDY is 
high. Can be used as a DMA Request line. 

WR DATA 21 0 Write Data: Open drain output that shifts out MFM data at a rate determined by the 
Write Clock input. 

LATE 22 0 Late: Open drain output used to derive a delay value for write precompensation. Valid 
when the WR GATE output is high. 

EARLY 23 0 Early: Open drain output used to derive a delay value for write precompensation. Val-
id when the WR GATE output is high. 

WR GATE 24 0 Write Gate: High when write data is valid. WR GATE goes low if the WF input is high. 
This output is used by the drive to enable head write current. 

WR CLOCK 25 I Write Clock: Clock input used to derive the write data rate. Frequency = 5MHz for the 
ST500 interface, 4.34MHz for the SA 1000 interface. 

RWC 33 0 Reduced Write Current: Signal goes high for all cylinder numbers above the value 
programmed to the Write Precomp Cylinder register. It is used by the precompensa-
tion logic and by the drive. 

DRUN 34 I Data Run: Looks for a string of zeros in the read data, indicating the beginning of an ID 
field. If the zeros are detected, RD GATE is brought high. 

RD DATA 37 I Read Data: Accepts MFM data from the drive. 

RD GATE 38 0 Read Gate: Output that is high for data and I D fields. 

RD CLOCK 39 I Read Clock: Clock input derived from the external data recovery circuits 

DIR 26 0 Direction: High level on this output tells the drive to move inward (increasing cylinder 
number). The signal is determined by the WDC commands. 

STEP 27 0 Step: Provides 6.4 microsecond pulses to move the drive head to another cylinder. 

DRDY 28 I Drive Ready: If DRDY from the drive goes low, all commands will be deactivated. 

INDEX 29 I Index: Signal from the drive indicating the beginning of a track. It is used by the WDC 
during formatting. 

WR FAULT 30 I Write Fault: If WR FAULT from the drive goes low, all commands will be deactivated. 

TRACK 000 31 I Track Zero: Used by the Restore command to verify that the head is at the outermost 
cylinder. 

SC 32 I Seek Complete: Signal from the drive indicating that reads or writes can be made. 

VSS 20 I Ground 

VCC 40 I D.C. Power: +5V 
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liD t AD : Wii : Wii 

DATA DATA 

~I 
8 

~+ 
1-- I- SCR 

I 
I RD WR I 
I ~ CK 

I 
I Qf- ADDR DATA I 
I I 
I I 
I ......2~ CS 

HOST I 
CPU I I 82062 

SYSTEM -------- ----q--- I 

~ 
BCS 

BROY 

CS 

ADDRESS 
3 

AO-A2 

INTERRUPT INTRa 

RESET RESET 

-' L:t 8205 r------t> STS 
DRIVE HEAD 

SELECT 

01 
LATCH 

Figure 4. CPU Buffer Interface 

For example, in the case ofa Write Sector command, 
the processor would first read the WDC status regis­
ter. It would then write data to the buffer memory. 
When the buffer is full, it sets the BRDY line to the 
WDC, which then resets (low) the buffer data request 
(BDRQ) output and sets (low) the buffer chip select 
(BCS) line. The BCS signal is used to both select the 
buffer and to isolate the host system control lines. At 
this point the 82062 WR pin is an output and it reads 
the data from the buffer into the WDC where it is for­
matted and encoded and sent to the disk. When the 
buffer memory is empty, the BRDY line signals the 
WDC to bring BCS high, thus allowing the host CPU to 
write more data or give another command. 

COMMAND DESCRIPTION 

Command 

F9rmat 

: RESTORE 

: 0 0 b 0 R3 R2 Rl Ro 

Description : The step rate specified by R3 R2 Rl 
Ro is loaded into the step rate reg­
ister. Stepping pulses are trans­
mitted with the DIR output low. 

Command Flow : 1. Abort if drive not ready or write 
fault. 

Command 

Format 

6-438 

2. Wait for up to 3 index pulses 
for seek complete. 

3. If TKOOO active, then go to 6. 
4. Step outwards; if number of 

steps exceeds 1024, then 
abort. 

5, Wait for seek complete; go to 
3. 

6. End. 

: SEEK 

AFN-02214A 
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Description : Seeks the cylinder specified in cyl-
inder number register with a step 
rate specified by R3 R2 R1 Ro. Pre­
sent cylinder position information 
is kept for the current drive. Con­
troller does not wait for seek com­
plete 'at end of comand, thus 
allowing overlapped seeks with 
the SA 1000 drive. 

Command Flpw : 1. Abort if drive not ready or write 
fault. 

Command 

Format 

Description 

2. Wait for seek complete. 
3. Calculate direction and num­

ber of step pulses. 
4. Update internal present cylin­

der position number register. 
5. Send step pulses at rate speci­

fied by R3 R2 R1 Ro· 
6. Wait for seek complete, verify 

head and sector numbers. 
End. 

READ SECTOR 

: 0010lMOO 

: Seek track if desired cylinder dif-
ferent from present location. If 
M = 0, then the sector specified in 
sector number register is read. If 
M = 1, then multiple records are 
read, starting with the sector 
specified by the sector number 
register and continuing in sequen­
tial order until the number of sec­
tors specified in the sector count 
register are read. If I = 0, interrupt 
at activation of BORa. If I = 1, in­
terrupt at end of command. 

Command Flow : 1. Abort if drive not ready or write 
fault. 

2. Activate BeS. 
3. Seek track if necessary using 

step rate of last Restore or 
Seek command. 

4. Wait for SC active. 
5. Activate "SeA pin. Search for 

head, cylinder, sector number 
and size. 

6. When the proper sector 10 is 
found, read sector data. 

7. If BRDY pin activated at end of 
sector data tram~fer to buffer 
memory, set ORa flag, acti­
vate BORa pin and interrupt if 
I = O. Wait for BRDY pin acti­
vation indicating empty buffer. 

Command 

Format 

8. If M = 0, then set BORa flag, 
activate BORa pin, wait for 
BRDY,end. 

9. Decrement sector count, in­
crement sector number. If 
M = 1 and sector count = 0, 
then go to 10 else search for 
next sector and go to 6. 

10. If I = 0 then interrupt; end. 

: WRITE SECTOR 

:00110MOO 

Description : Seek track if necessary. Write from 
buffer to disk when BRDY pin acti­
vated. Write total number of sec­
tors specified by sector. count 
register if M = 1. Sectors are writ­
ten in numerical order. If M = 0, 
then sector count is ignored and 
only one sector is written. 

Command Flow : 1. Abort if drive not ready or write 

Command 

Format 

fault 
2. Activate BCR: pin. 
3. Seek track if necessary. 
4. Wait for SC pin active. 
5. Activate BORa pin, set ORa 

flag, interrupt. Wait for BRDY 
active. 

6. Search for 10 field and write 
sector. 

7. If M = 0, then end. 
8. Increment sector number, de­

crement sector count. . 
9. If sector count = 0, then end. 
10. If BRDY activated at end of 

sector data transfer from buff­
er memory, then go to 6. Oth­
erwise go to 7. 

: SCAN 10 

: 01000000 

Description : When the next 10 field of the pre-
sent track is encountered, cylinder 
number, sector size, head number 
and sector number are loaded into 
the respective registers. 

Command Flow : 1. Abort if drive not ready or write 
fault at any time. 

6-439 

2. Search for next 10 field and 
read 3 10 bytes into respective 
registers. 

3. Update internal present cylin­
der location number register. 
End. 
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Command 

Format 

Description 

: WRITE FORMAT 

: 01010000 

: This command formats one track 
using parameters loaded in the 
task register file and in buffer 
memory. The track format is 
shown in Figure 6. 

Cylinder, head, sector extension 
and sector size number are taken 
from the Task Register file. Good 
block/bad block marks and sector 
numbers are taken from buffer 
memory. The total number of sec­
tors, formatted is specified by the 
sector count register. The lengths 
of GAP 1 and GAP 3 are loaded 
into the sector number register. 
These gaps are recorded as 4E16' 

After the task register file has been 
loaded with the desired format pa­
rameters and the command regis­
ter has been loaded with the write 
format command, the block marks 
and sector addresses are -loaded 
into the buffer. When the BRDY pin 
is activated, the specified number 
of sectors are written. The block 
marks and sector numbers are 
read from the buffer as needed. 
The data field is written with E516• 

CRC is automatically computed 
and written. 

CO(T1mand Flow : 1. Abort if drive not ready or write 
fault at any time. 

2. Activate BCR. 
Set BDRQ flag, activate 
BDRQ, interrupt. Wait for 
DRDY active .• Wait for SC. 

3. Write index gap after index 
pulse received. 

4. If sector count = 0, go to 7 .. 

5. Write sector using parameters 
in task register file and buffer 
meory. 

6. Decrement sector count regis­
ter; go to 4. 

7. Write 4E's until index pulse. 

8. Read from buffer until empty 
(BRDY received). End 

Table 2. Register File 

A2 A1 Ao Read Operation Write Operation 

1 1 1 Status 'Command 

1 1 0' Sector-Drive-Head Sector-Drive-Head 

1 0 1 Cylinder Number High Cylinder Number High 

1 0 0 Cylinder Number Low Cylinder Number Low 

0 1 1 Sector Number Sector Number 

0 1 0 Sector Count Sector Count 

0 0 1 Error Flags Write Precomp 
Cylinder 

0 0 0 Data Data 

82062 REGISTER-CPU INTERFACE 

The 82062 communicates with the host CPU through 
a task register file of seven' registers. Table 2 illus­
trates these registers and the control signals to select 
them. Following is a description of each of these reg­
isters: 

Status Register 

Bit No. Name Symbol Description 

080 Error ERR A bit in the error regis-
ter has been set. 

081 Command in CIP WDC is currently 'ex-
progress ecuting a command. 

082 - - Reserved. 

083 Data Request ORa Reflects the state of 
the 8DRa pin. Indi-
cates that a buffer 
data transfer is de-
sired.ln a system, this 
flag is typically used 
for programmed 1/0. 

084 Seek Complete SC Reflects the state of 
the SC input pin, The 
bit is latched at the 
end of a command un-
til the status register 
is read. 

085 Write Fault WF Reflects the state of 
the WF pin. An inter-
rupt IS generated by 
the INTRa pin when 
this bit is set. The bit is 
latched at the end of a 
command until the 
status register is read. 

086 Drive Ready ORR Reflects the state of 
the DRDY pin. How-
ever, after an error in-
terrupt the state of 

, ORR is held until the 
status register is read. 
When ORR goes low, 
an interrupt is gener-
ated. 
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Status Register 

Bit No. Name Symbol Description 

DB7 Busy BUSY Set by writing into the 
command register. 
Reset at the end of all 
commands except 
Read Sector. For the 
Read Sector Com-
mand, BUSY is reset 
after a sector of data 
is transferred to the 
buffer. 

Command Register 

Command DB7 DB6 DBs DB4 DB3 DB2 DB, DBo 

Restore 0 0 0 1 R3 R2 R, Ro 
Seek 0 1 1 1 R3 R2 R, Ro 
Read Sector 0 0 1 0 I M 0 0 
Write Sector 0 0 1 1 0 M 0 0 
ScanlD 0 1 0 0 0 0 0 0 
Write Format 0 1 0 1 0 0 0 0 

I ~ a INTRa goes active when BDRa goes active. 
~ 1 INTRa goes active upon command terminallOn. 

M ~ 1 Multiple sector read or write. 

R3, R2, R" Ro ~ 0000 Step time ~ 20 usec at SMHz WR CLOCK 
~ 0001 Step time ~ 0.5 msec 
~ 0010 Step time ~ 1.0 msec 
~'0011 Step time ~ 1.5 msec 

~ 1111 Step time ~ 7.5 msec 

Sector-Drive-Head Register 

Bit No. Name Symbol Description 

DBo_2 Head Number HDN Used internally for 
formatting and ID 
field comparing. 

DB3_4 Drive Number DRN Used internally. If 
the drive number is 
changed between 
commands, then an 
automatic Read ID 
command is per-
formed before seek-
ing. 

DBs_s Bytes per sector BPS DBs DBs 
1 1 128 byte 

sector 
0 o 256 byte 

sector 
0 1 512 byte 

sector 
1 o 1024 byte 

sector 

DB7 Sector extension SE DB7 = 1 tells the 
WDC to substitute a 
7 -byte ECC code for 
the 2-byte CRC 
field. 

CYLINDER NUMBER REGISTERS 

Two registers hold the cylinder number that can range 
from 0 to 1023. During seek operations, an internal 
present position register is compared to the Cylinder 
Number register to determine the DIR output and the 
number of step pulses. 

SECTOR NUMBER REGISTERS 

This register has two multiplexed functions. For Read 
Sector and Write Sector Commands, this register 
holds on 8-bit binary value that corresponds to the 
sector address in the 10 field. For the Write Format 
command, it holds an 8 bit binary value that specifies 
the number of bytes in both Gap 1 and Gap 3. 

SECTOR COUNT REGISTER 

This register hold an 8-bit value that determines the 
number of sectors for multiple sector commands 
(Read sector, Write Sector, or Format). A value of 1 in­
dicates a single sector, while 0 indicates a 256 sector 
transfer. The value is decremented for each sector 
handled during the command. 

Error Flags Register 

Bit No. Name Symbol Description 

DBo AM Not Found AMNF During a read op-
eration. the de-
isired I D field was 
found, but the 
data field address 
mark was not 
found. 

DB, TKOOO Error TKOE Track zero was 
not found after 
1024 steps in the 
Restore com-
mand. 

DB2 Aborted Command AC A command was 
started and one of 
the following oc-
curred: 1 ) Drive 
not ready; 2) Write 
fault; 3) SC input 
not active within 
16 index pulses; 
or 4) an illegal 
command code 
was received. 

DB3 - - Not used. 

DB4 ID Not Found IDNF ID field param-
eters (cylinder, 
head, sector) not 
found within 3 in-
dex pulses. 

DB5 - - Not used. 
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Bit No. 

DB6 

DB7 

82062 

Error Flags Register WRITE PRECOMP CYLINDER REGISTER 
This register holds a value froll) 0 to 256. The reduced 
write current pin (RWC) is high when the Cylinder reg­
ister value is greater than or equal to four times the Name 

Data Field 
eRe Error 

Bad block 

Symbol Description 
write Precomp Cylinder register value. . DFE 

BB 

82062 
WDC 

An' error in the 
data field was de-
tected by the 
eRe. The sector 
may be re-read. 

A bad block ad-
dress mark was 
detected during a 
read or write oper-
ation. An interrupt 
is generated de-
pending upon the I 
bit in the com-
mand. 

2X 
DATA RATE 

DRIVE INTERFACE DESCRIPTION 
The 82062 provides the control lines to interface to 
ST506/SA 1000 interface drives. It contains a high 
speed shift register, an MFM encoder/decoder, and 
an address mark detector. Signals are provided to 
control write precompensation and write splice avoid­
ance. External circuitry must be used for the phase 
locked MFM read clock and the head/drive selection. 
Figure 5 shows a typical controller-drive interface for 
a system with two Winchester drives. Figure 6 shows 
the track formatting used by the 82062. 

~~M"~ 
EARLY WRITE 

IATE PRECOMP 

Lr:-
WINCHESTER DRIVE 0 

RWC 
WRITE DATA 

2 
READ DATA READ DATA 

READ CLOCK PHASE 
LOCK DRIVE SEL 

DRUN LOOP 

READ GATE 
STEP 

~ 
TO NEXT 

DRIVE DIRECTION 

DATA 
WR CLOCK f-- RATE READY 

OSC 

WRITE FAULT 

sc A 

.:: TRACK 000 

INDEX .:: INDEX 

TKOOO .:: SEEK COMPLETE 

CRCY .:: RWC 

WR FAULT 'l HEAD NUMBER 

DIR -t>. 
WRITE GATE 

WR GATE -[> 
STEP -t> 

DATA BUS - D 7 
Q DAISY CHAIN TO 

NEXT DRIVE 
ADDRESS- (HOLDS DRIVE AND HEAD 

SELECTS) 

DATA LATCH 

Figure 5. Drive Interface 
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r---------------REPEATEDNTIMES----,-------------, 

INDEX PULSE 

~------~v---------10 FIELD I GAP 
I 2 

WRITE GATE _____ ....J 

--~V,...----..... 
DATA FIELD 

Figure 6. Track Format 
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82501 ETHERNET SERIAL INTERFACE 

• Compatible with the Ethernet* 
Specification 

• 10·Mbs Operation 

• Replaces 8 to 12 MSI Components 

• Manchester Encoding/Decoding and 
Receive Clock Recovery 

• 1 O-MHz Transmit Clock Generator 

• Driving/Receiving Ethernet 
Transceiver Cable 

• Fail-Safe Watchdog Timer Circuit to 
Prevent Continuous Transmissions 

• Diagnostics Loopback for Fault 
Detection and Isolation 

• Directly Interfaces to the 
82586 Controller 

The 82501 Ethernet Serial Interface (ESI) chip is designed to work directly with the 82586 controller in Ethernet 
and non-Ethernet 1Q-Mbps local-area network applications. The major functions of the 82501 are to generate 
the 10 MHz transmit clock for the 82586, perform Manchester encoding/decoding of transmitted/received 
frames, and provide the electrical interface to the Ethernet transceiver cable. Diagnostic loopback control 
enables the 82501 to route the signal to be transmitted from the 82586 through its Manchester encoding and 
decoding circuitry and back to the 82586. The combined loopback capabilities of the 82586 and 82501 result in 
efficient fault detection and isolation by providing sequential testing of the communications interface. An 
on-chip fail-safe watchdog timer circuit prevents the station from locking up in a continuous transmit mode. 

'Ethernet IS a trademark of Xerox Corporation . 

NTERFACE r I 
INTERFAC 

• 2586 GND Vee TRANSCEIVER CABLE 
E 

-- eLSN , , 
COLLISION· XCYRCASLE , , 
PRESENCE INTERFACE & 

, , 
I I 

GENERATION NOISE FILTER I I 
\ ! ,--

I 
CARRIER·PRESENCE GENERATION 

T /"-.... " 
MANCHESTER -1 XCVRCABLE I \ DECODER AND INTERFACE AND 

CLOCK NOISE FILTER \ I 

RECOVERY 
~ .... --,,/ 

RXD 

Rev 

C1 VCC 

C2 TRMT 

LPBK TRMT 

RCV TXD 

RCV TXC 

CRS TEN 

CoT X1 . 
I ~ 

X, 
-2 COUNTER CLOCK 

J-¥",eRYS GENERATION 

RXC X2 

RXD CLSN 

GND CLSN 
TAL 

--, 
/ , , 

MANCHESTER I---- TRANSCEIVER I I 
ENCODER CABLE DRIVER \ I 

I 
\ , I 

TXD TRMT 

'--
1 1 
WATCHDOG TIMER 

1 
Figure 1. 82501 Functional Block Diagram Figure 2. Pin Configuration 
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inter 

Pin 
Symbol No. Type 

TXC 16 a 

T'EN 18 I , 

TXD 17 I 

RXC 8 a 

CRS 6 a 

RXD 9 a 

CDT 7 a 

82501 

Table 1. Pin Description 

Name and Function 

Transmit Clock: A 10-MHz clock 
output with 5 nsec rise and fall 
times and MaS driving levels. This 
clock is provided to the 82586 for 
serial transmission. 

Transmit Enable: An active low, 
TTL-level signal synchronous to 
TXC that enables data transmission 
to the transceiver cable. TEN can be 
driven by"FiTS from the 82586. 

Transmit Data: A TTL-level input 
signal that IS directly connected to 
the serial data ouput, TXD, of the 
82586. 

Receive Clock: An MaS-ll(vel clock 
output with 5 nsec rise and fall 
times and 50% duty cycle. This out-
put is connected to the 82586 
receive clock input RXC. There is a 
maximum 1.2 ILsec discontinuity at 
the beginning of a frame reception 
when ,the phase-locked loop 
switches from the on-chip oscillator 
to the incoming data. During idle 
(no incoming frames) the clock fre-
quency will be half that of the 20 
MHz crystal f~equency. 

Carrier Sense: A TTL-level, active 
low output to notify the 82586 that 
there is activity on the coaxial cable. 
This signal IS asserted when valid 
data or a collision signal from the 
transceiver is present. It is deas-
serted at the end of a frame 
synchronous with RXC, or when the 
end of the collision-presence signal 
(CLSN and CISiii) IS detected, 
whichever occurs later. Once deas-
serted, CRS will not be reasserted 
again for a period of 5 ILsec mini-
mum, 7 ILsec maximum, regardless 
of any activity on the receive or 
collision-presence pairs. 

Receive Data: An MaS-level output 
tied directly to the RXD input of the 
82586 controller and sampled by 
the 82586 at the negative edge of 
RXC. The bit stream received from 
the transceiver cable is Manchester 
decoded prior to being transferred 
to the controller. This output 
remains high during idle. 

Collision Detect: A TTL, active low 
signal which drives the C5T input of 
the 82586 controller. It is asserted as 
long as there IS activity on the 

~~M~~n-presence pair (CLSN an~ 

Pin 
Symbol No. Type Name and Function 

LPBK 3 I Loopback: A TTL-level control sig-
nal to enable the loopback mode. In 
this mode, serial data on the TXD 
input is routed through the 82501 
internal circuits and back to the 
RXD output without driving the 
TRMT/TRMT output pair to the 
transceiver cable. When [l5Bj( is as-
serted, the collision circuit will also 
be turned on at the end of each 
transmission to simulate the colli-
sion test. 

TRMT 19 a Transmit Pair: An output driver pair 
which generates the d ifierential sig-

TRMT 18 a nal for the transmit pairofthe Ether-
net transceiver cable. Following the 
last transition, which is always posi-
tive at TRMT, the differential voltage 
IS slowly reduced to zero volts. The 
output stream is Manchester 
encoded. 

RCV 4 I Receive Pair: A differentially driven 
input pair which is tied to the 

RCV 5 I receive pair of the Ethernet trans-
ceiver cable. The first transition on 
RCV will be negative-going to indi-
cate the beginning of a frame. The 
last transition should be positive-
going, indicating the end of a frame. 
The received bit stream IS assumed· 
to be Manchester encoded. 

CLSN 12 I Collision Pair: A differentially 
driven input pair tied to the 

CLSN 11 I collision-presence pair of the Ether-
net transceiver cable. The collision-
presence signal IS a 10 MHz ±15% 
square wave. The first transition at 
CLSN IS negative-going to Indicate 
the beginning of the signal, the last 
transition is positive-going to indi-
cate the end of the signal. 

C1 1 I PLL CapaCitor: Phase-locked-loop 
capacitor inputs. 

C2 2 I 

X, 14 I Clock Crystal: 20-MHz crystal 
inputs. 

X2 15 I 

Vcc 20 Power: 5 ± 5% volts. 

GNO 10 Ground: Reference. 

FUNCTIONAL DESCRIPTION 

Clock Generation 

A 20 MHz crystal-controlled oscillator is provided as 
the basic clock source. This 20 MHz signal is then 
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divided by 2 to generate a 10 MHz ± .01 % clock as 
required in the Ethernet specification. 

Manchester Encoder and 
Transceiver Cable Driver 

The 20 MHz clock is used to Manchester encode 
data on the TXD input line. The clock is also divided 
by 2 to produce the 10 MHz clock required by the 
82586 for synchronizing its RTS and TXD signals. 
See Figure 3. (Note that the 82586 RTS is tied to the 
82501 TEN input as shown in Figure 4.) 

Data encoding and transmission begins with TEN 
going low. Since the first bit is a '1', the first transition 
on the transmit output TRMT is always negative. 
Transmission ends with the TEN going high. The last 
transition is always positive at TRMT and may occur 
at the center of the bit cell (last bit = 1) or at the 
boundary of the bit cell (last bit = 0). A one-bit delay 
is introduced by the 82501 between its TXD input and 
TRMT/TRMT output as shown in Figure 3. Following 
the last transition, the output TRMT is slowly brought 
to its high state so that zero differential voltage exists 
between TRMT and TRMT. This will eliminate DC 
currents in the primary of the transceiver's coupling 
transformer. See Figure 4. 

An internal watchdog timer is started at the begin­
ningof the frame. The duration of the watchdog 
timer is 25 msec ± 15%. If the transmission ter­
minates (by deasserting the TEN) before the timer 
expires, the timer is reset (and ready for the next 
transmission). If the timer expires before the trans­
mission ends, the frame is aborted. This is accom­
plished by disabling the output driver for the 
TRMT/TRMT pair and deasserting CRS. RXD and 
RXC are not affected. The watchdog timer is reset 
only when the TEN is deasserted. 

The cable driver is a differential gate requiring exter­
nal resistors or a current sink of 20 mA (on both 
terminals). In addition, high-voltage protection of 15 
volts maximum for 1 second maximum is provided. 

Receive Section 

CABLE INTERFACE AND NOISE FILTER 
The 82501 input circuits can be driven directly from 
the Ethernet transceiver cable receive pair. In this 
case the cable is terminated with a pair of 39-ohm 
resistors in series for proper impedance matching. 
The center tap of the termination is tied tQ an exter­
nal voltage reference (source impedance of 18.5 
ohms min.) to establish the required common mode 
voltage bias for the 82501 receive circuitry. See 
Figure 4. 

The input circuits can also be driven with ECl volt­
age levels. In either case, the input common mode 
voltage must be in the range of Vee -1.0 to Vee - 2.5 
volts to allow for a wide driver supply variation at the 
transceiver. The input terminals have a 15-volt maxi­
mum protection and additional clamping of low­
energy, high-voltage noise signals. 

A noise filter is provided at the RCV/RCV input pair 
'to prevent spurious signals from improperly trigger­
ing the receiver circuitry. The noise filter has the 
following characteristics: 

A negative pulse which is narrower than 30 ns or is 
less than -150 mV in amplitude is rejected during 
idle. 

At the beginning of a reception, the filter is activated 
by the first negative pulse which is more negative 
than -250 mVand is wider than 50 ns. 

As soon as the first valid negative pulse is recognized 
by the noise filter, the CRS signal is asserted to in­
form the 82586 controller of the beginning of a trans­
mission, and ~he RXC will be held low for 1.2 f.Lsec 
maximum while the internal phase-locked-loop is 
acquiring lock. 

The filter is deactivated if no negative transition oc­
curs within 160 ns from the last positive transi!ion. 

Immediately after the end of a reception, the filter 
blocks-all the signals for 5 f.Lsec minimum, 7 f.Lsec 
maximum. This dead time is required to block-off 
spurious transitions which may occur on the coaxial 
cable at the end of a transmission but are not filtered 
out by the transceiver. 

MANCHESTER DECODER AND 
CLOCK RECOVERY 
The filtered data enters the clock recovery and 
decoder circuits. An analog phase-locked-loop 
(Pll) technique is used to extract the received clock 
from the data, beginning from the third negative 
transition of the incoming data. The Pll will acquire 
lock within the first 12 bit times, as seen from the 
RCV/RCV inputs. During that period of time, the RXC 
is held low. Bit cell timing distortion which can be 
tolerated in the incoming signal is ± 15 nsec for the 
preamble and ±20 nsec for data. The voltage­
controlled oscillator (VCO) of the Pll corrects its 
frequency to match the incoming signal transitions. 
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Its VCO cycle time stays within 5% of the RXD bit cell 
time regardless of the time distortion allowed at the 
RCV/RCV input. The RCV/RCV input is decoded 
from Manchester to NRZ and transferred 
synchronously with the receive clock to the 82586 
controller. 

At the end of a frame, the receive clock is used to 
detect the absence of RCV/RCV transitions and 
report it to the 82586 by deasserting CRS while RXD 
is held high. 

Collision-Presence Section 

The CLSN/CLSN input signal is a 10 MHz ±15% 
square wave generated by the transceiver whenever 
two or more data frames are superimposed on the 
coaxial cable. The maximum asymmetry in the 
CLSN/CLSNsignal is 60/40% for low-to-high or high­
to-low levels. This signal is filtered for noise rejection 
in the same manner as RCV/RCV. The noise filter 
rejects signqls which are less negative than -150 mV 
and narrower than 15 ns during idle. It turns on at the 
first negative pulse which is more negative than - 250 
mVand wider than 30 ns. After the initial turn-on, the 
filter remains active indicating that a valid collision 
signal is present, as long as the negative 
CLSN/CLSN signal pulses are more negative than 
- 250 mV. The filter returns to the "off" state if the 
signal becomes less negative than -150 mV, or if no 
negative transition occurs within 160 ns from the last 
positive transition. Immediately after turn-off, the 
collision filter is ready to be reactivated. 

The common mode voltage and external termination 
are identical to the RCV/RCV input. (See Figure 4.) 
The CLSN/CLSN input also has a 15-volt maximum 
protection and additional clamping against low­
energy, high-voltage noise signals. 

A valid collision-presence signal will assert the 82501 
COT output which can be directly tied to the COT 
input of the 82586 controller. 

During the time thli't valid collision-presence tran­
sitions are present on the CLSN/CLSN input, invalid 
data transitions will be present on the receive .data 
pair due to the superposition of signals from two or 
more stations transmitting simultaneously. It is pos­
sible for RCV/RCV to lose transitions for a few bit 
times due to perfect cancellation of the signals. In 
any case, the invalid data will not cause any discon­
tinuity of RXC. 
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When a valid collision-presence signal is present the 
CRS signal is asserted (along with COT). However, if 
this collision-presence signal arrives within 6.0 ± 1.0 
p.s from the time CRS was deasserted, only COT is 
generated. 

Internal Loopback 

When asserted, LPBK causes the 82501 to route 
serial data from its TXD input, through its transmit 
logic (retiming and Manchester encoding), returning 
it through the receive logic (Manchester decoding 
and receive clock generation) to RXD output. The 
internal routing prevents the data from passing 
through the output drivers and onto the transmit 
output pair, TRMT/TRMT. When in loopback mode, 
all of the transmit and receive circuits, including the 
noise filter, are tested except for the transceiver 
cable output driver and input receivers. Also, at the 
end of each frame transmitted in loopback mode, the 
82501 generates a 1-p.sec COT signal within 1 p.sec 
after the end of the frame. Thus, the collision circuits, 
including the noise filter, are also tested in loopback 
mode. The watchdog timer remains enabled in loop­
back mode, terminating test frames that exceed its 
time-out period. 

In the normal mode (LPBK not asserted), the 82501 
operates as a full duplex device, being able to trans­
mit and receive simultaneously. This is similar to the 
externalloopback mode of the 82586. Combining the 
internal and external loopback modes of the 82586 
and the internal loopback and normal modes of the 
82501, incremental testing of an 82586/82501-based 
interface can be performed under program control 
for systematic fault detection and fault isolation. 

Interface Example 

The 82501 is designed to work directly with the 82586 
controller in Ethernet as well as non-Ethernet 10 
Mbps LAN applications. The control and data signals 
connect directly between the two devices without 
the need for additional external logic. The complete 
82586/82501 /Ethernet Transceiver cable interface is 
shown in FIGURE 4. The 82501 provides the driver 
and receivers needed to directly connect to the 
transceiver cable, requiring only terminating resis­
tors on each input signal pair. 
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20 MHi INTERNAL CLOCK 

(MANCHESTER-ENCODED DATA) 

Figure 3. Start of Transmission and Manchester Encoding 
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D.C. CHARACTERISTICS (TA = 0-70°C, Vee = 5V ±10%) 

Symbol Parameter Min. 

VIL Input Low Voltage (TTL) -0.5 

VIH Input High Voltage (TTL) 2.0 

VIDF Input Differential Voltage (Differential) ±250 

VeM Input Common Mode Voltage Vee - 2.5 
(Differential) 

VOL Output Low Voltage TTL or MOS 

VOeM Common Mode Output 1.0 

VOH Output High Voltage 

TTL 2.4 

MOS 3.9 

VODF Differential Output Swing 0.55 

III Input Leakage Current 

CIN Input Capacitance 

COUT Output Capacitance 

lee 

A.C. CHARACTERISTICS 

A.C. Measurement Conditions 

I) TA = 0° to 70°C, Vee = 5V ± 10% 

Max. Units Conditions 

+0.8 V 

Vee + 0.5 V 

±1000 mV 

Vee - 1.0 V 

0.45 V IOL = 8 mA 

4.5 V RL = 78 Ohms Differential 
Termination and 1200 
pulldown 

V IOH = -1.0 mA 

V IOH = -400p.A 

1.2 V RL = 78 Ohms Differential 
Termination and 1200 
pulldown 

±200 p.A 0< VIN < Vee 

10 pF f= 1 MHz 

20 pF f = 1 MHz 

200 mA 

c) Differential inputs and outputs: 
The 50% points of the total swing are used for 
delay measurements. The rise and fall times of 
outputs are measured at the 20 to 80% points. 
The differential voltage swing at the inputs is 
at least ±250 mV with rise and fall times of 
3-15 ns measured at ±.2 volts. II) The AC measurements are done at the following 

voltage levels for the various kinds of inputs and 
outputs III) The AC loads for the various kind of outputs are 

as follows: 

a) TTL inputs and oututs: 0.8V and 2.0V 
The input voltage swing is 0.4 to 2.4V at least 
with 3-10 ns rise and fall times. 

b) MOS outputs: The rise and fall times are mea­
sured between 0.6V and 3.6V points. The high 
time is measured between 3.6V points and the 
low time is measured between 0.6V points. 
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a) TTL and MOS: A 20-pF Capacitor to GND 

b) Differential: A 10-pF Capacitor from each ter­
minal to GND and a termination load resis­
tor of 78 ohms in parallel with a 27 micro­
henries inductor between the two terminals. 
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TRANSMIT TIMING 

Symbol' . Parameter Min. Max. Unit 

tl TXC Cycle Time 99.99 100.01 ns 

t2 TXC Fall Time 5 ns 

t3 TXC Rise Time 5 , ns 

4 TXC Low Time 40 ns 

t5 TXC High Time 40 ns 

ts Transmit Enable/Disable to TXC Low 50 ns 

t7 TXD Stable to TXC Low 50 ns 

t8 Bit Cell Center to Bit Cell Center of Transmit Pair Data 99.5 100.5 ns 

tg Transmit Pair Data Fall Time 1.0 5.0 ns 

tl0 Transmit Pair Data Rise Time 1.0 ' 5.0 ns 

tll Bit Cell Center to Bit Cell Boundary of Transmit Pair Data 49.5 50.5 ns 

t12 TRMT starts approaching Its high level from Last Positive Transition of 160 ns 
Transmit Pair Data durmg idle. 

TRANSMIT TIMING 

-1 t5~t2-1 ~t3 

~4~ ~·t ~ to ~ 
TEN / 

I, 1 1
' 

TXO / '\ LAST BIT 7 
0 ,0 0 I 1/0 

!!!MJ; 
TRMT (LAST BIT ~ 1) 
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RECEIVE TIMING 

Symbol Parameter Min. Max. Unit 

t13 Receive Pair Signal Pulse Width (at - .25V differential signal) of First 
Negative Pulse for a) Signal Rejection by Noise Filter, 30 ns 
b) Noise Filter Turn-on in order to Begin Reception 50 ns 

t14 Duration which the RXC is held at low state 1200 ns 

t15 Receive Pai r Signal Rise/Fall Time at ±.2 volt 15 ns 

t16 Receive Pair Signal Bit Cell Center to Bit Cell Center allowing for 
timing distortion 
In preamble 70 130 ns 
In data 60 140 ns 

t17 Receive Pair Signal Bit Cell Center to Bit Cell Boundary allowing for 
timing distortion 
In preamble 20 80 ns 
In data 10 90 ns 

t18 Receive Idle Time Before the Next Reception can Begin (as measured from 8 ,.,.s 
the deassertion of CRS) 

t19 Receive Pair Signal Return to·Zero Level from Last valid Positive Transition 0.20 5 ,.,.s 

t20 CRS Assertion delay from the First received valid Negative Transition of 100 ns 
Receive Pair Signal 

Symbol Parameter Min. Max. Unit 

t21 CRS Deassertion delay from the Last valid positive transition received 300- ns 
(when no Collision-Presence signal exists on the transceiver cable) 

t22 RXC stopped from the first valid negative transition of RCV/RCV 150 ns 

t23 RXC delay from RCV/RCV Bit Cell Center 100 ns 

t24 RXC Jitter ±5.0 ns 

t25 RXC Rise/Fall time 5 ns 

t26 RXC High/Low time 40 ns 

t27 Receive Data Stable before the Negative Edge of RXC 30 ns 

t28 Receive Data Held valid past the Negative Edge of RXC 30 ns 

t29 Carrier Sense deasserted before the Negative Edge of RXC 10 30 ns 

t30 Receive data Rise/Fall time 10 ns 

t31 From the time CRS is deasserted until the time it can be asserted again 5 7 ,.,.s 

-NOTE: 
CRS IS deasserted synchronously with the RXC. This condition IS not specified In the Ethernet specification. 
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RECEIVE TIMING: START OF FRAME 

I I 
RCV~-+ -
RCV 

t - + 

113 =I 1,5 

+ 

1+------1,4------/ 

RXC 

RXD 

"THIS CLOCK PULSE MAY NOT BE A VALID CLOCK PULSE 

RECEIVE TIMING: END OF FRAME 

I 0 I I 
RCV (LAST BIT ~ 0) 
RCV ~-----t:~: -1 I~ 

I + I + '""1'----r-t: ..... ' ~-=--=--=--=--=--=-- 1,8 ----~--J 
RCV (LAST BIT ~ 1) 
RCV 

RXD 

=x X :~1-+-' ----r-
~~ 

~------~tl~----~--------___________ -J~/~I---- '~-----
I_ 131---~.1 

~ r- t29 

"NOTE CRS CAN BE TRIGGERED ON AGAIN BY THE COLLISION-PRESENCE SIGNAL 
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COLLISION TIMING 

Symbol Parameter Min. Max. 

t32 CLSN/CLSN Signal Pulse Width (at - .25V differential signal) of First 30 
Negative Pulse for Noise Filter Turn-on 

t33 CLSN/CLSN Cycle Time 86 118 

t34 CLSN/CLSN Rise/Fall Time at ±.2 volts 15 

t35 CLSN/CLSN Transition Time 35 70 

t36 COT Assertion from the First Valid Negative Edge of Collision Pair Signal 75 

t37 COT Oeassertion from the Last Positive Edge of CLSN/C~SN Signal 200 

t38 CRS Oeassertion from the Last Positive Edge of CLSN/CLSN signal (If no 350 
post-collision signal remains on the receive pair.) 

t39 CAS stable before the negative edge of RXC at deassertation 10 30 

COLLISION TIMING 

CLSN CLSN--13-2~~-+-----------'> 

---+--136 -1 
COT '"\1 ~ ______________________ -+ __ J 

CRS---r----------\\\\~ 

I 
NOTE 1 

RXC 
NOTES: 

CRS WILL BE DEASSERTED FOR A PERIOD UP TO 7 "SEC MAXIMUM 
WHEN RCV/RCV OR CLSN/CLSN TERMINATES. WHICHEVER OCCURS 
LATER 
CRS WILL REMAIN ASSERTED AFTER THE CLSN/CLSN SIGNAL 
TERMINATES IF RCV/RCV SIGNALS CONTINUE 

LOOPBACK TIMING 

Symbol Parameter 

40 LPBK asserted before the first attempted transmission 

t41 Simulated collision test delay from the end of each attempted transmisssion 

t42 Simulated cOllision test duration 

t43 LPBK deasserted after the last attempted transmission 

NOTE: 
In Loopback mode, RXC, RXD and CRS function in the same manner as a normal Receive 
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500 
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.5 1.0 

5 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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LOOPBACK TIMING 

I "1" I "0" I "1" I "0" I "0" I "1" I 

~ TXD 

(NOTE 1) 

~ 

\~--------~(,~~--------~I 
I "1" I "0" I "1" I I "1" 

RXD ----------....:.....--~~,....--'----

NOTE: 
1 DURING LOOPBACK, THE 82501 RECEIVE CIRCUITRY USES 12 BIT TIMES 

WHILE THE PLL LOCKS ON THE DATA AS A RESULl: THE FIRST 12 BITS 
ARE LOST 
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LOCAL COMMUNICATIONS CONTROLLER 

• Fully Implements the Ethernet* and 
Proposed IEEE 802 Specifications 

• User Configurable for Non-Ethernet 
Applications 
- From 0 to 6 Bytes of Address 

Generation/Checking 
-16- or 32-Bit CRC 

Generation/Checking 
-Optional Priority Function 
- Variable Preamble Length 
-Serial Transmission from 100 Kbps to 

10 Mbps 
-8- or 16-Bit Data Bus 

• 4 On-Chip DMA Channels for Efficient, 
High-Speed Transfer of Data, Status 
and Commands 

• Complete Set of Diagnostics for 
Reliable Network Operation 

• Fully Implements the CSMA/CD Access 
Method Including Retries and Random 
Backoff (Wait) Time 

• Two Methods of Frame Delimiting: 
Ethernet and HDLC Flags/Bit Stuffing 

• Independent 8-MHz System Clock Input 

Designed as an intelligent peripheral, the 82586 managesthe entire process of transmitting and receiving 
frames, thereby relieving the host processor of the tasks of managing the communications peripheral. The 
major functions performed by the 82586 include: 

-direct transfer of frames to and from external memory using four on-chip DMA channels. 
-executes commands from lists residing in external shared memory. 
-automatically reports the status of both transmitted and received frames, including error conditions. 
-fully integrates the CSMA/CD access method including automatic retries after collisions and random backoff 

(wait-time) generation. 
-diagnostic commands to identify and isolate faults. 

In order to take full advantage of the LAN concept and CSMA/CD access method, the 82586 architecture is also 
configurable under program control. This allows the 82586 to be "customized" for other applications requiring 
high-speed serial transmission including serial backplanes (serial peripheral interconnection) and low-cost, 
short-distance LANs. 

"Ethernet is a trademark of Xerox Corporation. 

Figure 1. 82586 Functional Block Diagram 

A17 
A16 

AD15 

AD' 
AD6 
ADS 

AD' 
ADa 

AD' 

ADO 
RXC 
VSS 

Vee 
A21 
A22 (AD) 
A23 (WR) 
SHE 
HOLD 
HLDA 

41 §l (OT/A) 

so (DEN) 
READY (ALE) 
INT 
ARDY/SRDY 

Vee 
CA 
RESET 
MNIMX 
ClK 
CRS 
CDT 
CTS 
m 
TXD 
fXC 
RXD 

NOTe" THE SYMBOLS IN PARENTHESES 
CORRESPOND TO MINIMUM MODE. 

Figure 2. 82586 Pinout 
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Controlling the 82586 

From the user's point of view, the 82586 consists of 
two independent, though communicating units: the 
Command Unit (CU) and the Receive Unit (RU) as 
shown in Figure 3. The CU executes commands 
given by the host CPU and manages frame transmis­
sions. The RU handles all activities related to frame 
reception such as buffer management, frame and 
address recognition, :and CRC checking. The two 
units are controlled and monitored by the host CPU 
via a shared memory structure called the 8ystem 
Control Block (8CB). All logical communication be­
tween the CPU and 82586 takes place through the 
8CB. The two other memory structures used by the 
82586 are the Command Block List (CBL) and 
Receive Frame Area (RFA). These are used to hold 

CHANNEL 
ATTENTION 

CPU 
INTERRUPT 

.I. 

\ 

, 
MEMORY 

the list of commands to be executed by the 82586 and 
hold all received frames, respectively. Pointers to the 
CBL and RFA are in the 8CB, along with status regis­
ters and counters for certain tallies maintained by 
the 82586, and control commands for the 82586. The 
only direct control lines between the CPU and the 
82586 are the interrupt to the CPU and Channel At­
tention to the 82586. 

82586 Memory Structures 

The three primary memory structures used by the 
host CPU and the 82586 to pass control, status and 
data are the 8ystem Control Block (8CB), Command 
Block List (CBL) and the Receive Frame Area (RFA), 
Figure 4. 

82586 

RECEIVE I 
UNIT I 

SERIAL DATA IN 

f 
I 

COMMAND I XMIT UNIT I SERIAL DATA OUT 

I 

I 

COMMAND 
BLOCK 

SYSTEM LIST 
CONTROL 

BLOCK 

• 
I RECEIVE 

FRAME AREA 

. Figure 3. System Overview 
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INITIALIZATION 
ROOT , 
I 

SYSTEM CONTROL BLOCK (SCB) 
COMMANO BLOCK liST (C Bl) 

• r------------------ -------------, 
82586 CONTROL I COMMANDS 

LIT ----------
STATUS 

= = = ~O~~R~ = = =: i-- I 
I 

ERROR TALLIES I 
-CRC I 
-ALIGNMENT I· -NO RESOURCE 

CONFIGURE TRANSMIT 
COMMAND COMMAND , 

! 
TRANSMIT 

DATA BUFFER 

.. r-. "'-8i 
I 
1 

I 
1 

1 
I 

_ DMA OVERRUN L _____ ~ ____________ ___________ --1 

RECEIVE FRAME AREA (RFA) 

~-- r------------
1 I 
1 '~'~~~:J I 
I LIST (RDl) I 
1 I 
1 I 
1 I 
I 

,~ -''''''':J 
I 

1 
'-----

I 
1 I 
I I L _____________ --1 

Figure 4. 82586 Memory Structures 

Upon initialization, the 82586 obtains the address of 
its 8ystem Control Block through the Initialization 
Root which begins at location OFFFFF6H. The 8CB 
contains control commands, status register, pointers 
to the Command Block List (CBL) and Receive Frame 
Area (RFA), and tallies for CRC, Alignment, DMA 
Overrun and No Resource errors. Through the 8CB, 
the 82586 is able to provide status and error counts 
for the host CPU, execute "programs" contained in 
the Command Block List (CBL) and receive incoming 
frames in the Receive Frame Area (RFA). 

Both the Command Block List and the Receive 
Frame Area are first configured by the host CPU and 
then passed to the 82586 via the 8CB. As commands 
are executed by the 82586, it returns status informa­
tion back to the CPU, which may, in turn, update the 
CBL with additional commands. As. frames are 
received by the 82586 and stored in the RFA, the 
82586 will return the appropriate status to the CPU. 
The CPU retrieves the received frames from the RFA 
and returns free buffers to the Receive Descriptor 
and Free Buffer lists. 
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The 82586 has a 22-bit memory address range in 
minimum mode and 24-bit memory address range in 
maximum mode. All memory structures, the System 
Control Block, commands in the Command Block 
List, Receive Descriptor List, and all buffer descrip­
tors (see Figure 6), must reside within one 64K-byte 
memory segment. The Data Buffers can be located 
anywhere in the memory space. 

Transmitting Frames 

The 82586 executes commands from the Command 
Block List in external memory. These commands are 
fetched and executed in parallel with the host CPU's 
operation, thereby significantly improving system 
performance potential. The general format for such 
commands is 

CONTROL 
COMMAND STATUS 

FIELDS 
COMMAND 

LINK FIELD 
(POINTER TO NEXT COMMAND) 

PARAMETER FIELD 
(COMMAND·SPECIFIC 

PARAMETERS) 

NEXT 
COMMAND 

Figure 5. Action Command Format 

Via the Link Field, commands can be linked together 
to form a list of commands for execution by the 
82586. 

START 
PREAMBLE FRAME DEST. SOURCE 

DELIMITER ADDR. ADDR. 

One such command is the Transmit" command. A 
single Transmit command contains, as part of the 
command-specific parameters, the destination ad­
dress and type field for the transmitted frame along 
with a pointer to a buffer area in memory containing 
the data portion of the frame. The data field is con­
tained in a memory data structure cohsisting of a 
Buffer Descriptor (BD) and Data Buffer (or a linked 
list of buffer descriptors and buffers) as seen in Fig­
ure 6. The BD contains a Link Field which pOints to 
the next BD on the list and a 24-bit address pointing 
to the Data Buffer itself. The length of the Data Buffer 
is specified by the Actual Count field of the BD. 

BUFFER DESCRIPTOR (BD) 

CRIPTOR ACTUAL COUNT .Lr NEXT BUFFER DES 

LINK FIELD 

DB ADDRESS DATA (24 BITS) BUFFER (DB) 

(DATA FIELD) 

Figure 6. Transmit Data Buffer 

Using the BDs and Data Buffers, multiple Data Buf­
fers can be "chained" together. Thus, a frame with a 
long Data Field can be transmitted using multiple 
(shorter) Data Buffers chained together. This chain­
ing technique allows the system designer to develop 
efficient buffer management policies. 

When transmitting a frame as shown below: 

FRAME· END 
TYPE DATA FIELD CHECK FRAME 
FIELD SEQUENCE DELIMITER 

Figure 7. Frame Format 
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The 82586 automatically generates the preamble 
(alternating 1s and Os) and start frame delimiter, 
fetches the destination address and type field from 
the Transmit command, inserts its unique address as 
the source address, fetches the data field from buf­
fers pointed to by the Transmit command, and com­
putes and appends the CRC at the end of the frame. 

The 82586 can be configured to generate either the 
Ethernet or HDLC start and end frame delimiters. In 
the Ethernet mode, the start frame delimiter is two 
consecutive 1 bits and the end frame delimiter indi­
cated by the lack of a signal after transmitting the last 
bit of the frame-check sequence field. When in the 
HDLC mode, the 82586 will generate the 01111110 
"flag" for the start and end frame delimiters and 
perform the standard "bit stuffing/stripping." In ad­
dition, the 82586 will optionally pad frames that are 
shorter than the specified minimum frame length by 
appending the appropriate number of flags to the 
end of the frame. 

In the event of a collision (or collisions), the 82586 
manages the entire jam, random wait and retry pro-

SYSTeM 
CONTROL 

BLOCK 

.1--

cess, reinitializing DMA pointers without CPU inter­
vention. Multiple frames can be sent by linking the 
appropriate number of Transmit commands to­
gether. This is particularly useful when transmitting a 
message that is larger than the maximum frame size 
(1518 bytes for Ethernet). 

Receiving Frames 

In order to minimize CPU overhead, the 82586 is 
designed to receive frames without CPU supervision. 
The host CPU first sets aside an adequate amount of 
receive buffer space and then enables the 82586's 
Receive Unit. Once enabled, the 82586 "watches" for 
any of its frames which it automatically stores in the 
Receive Frame Area (RFA). The RFA consists of a 
Receive Descriptor List (RDL) and a list of free buf­
fers called the Free Buffer List (FBL) as shown in 
Figure 8. The individual Receive Frame Descriptors 
that make up the RDL are used by the 82586 to store 
the destination and source address, type field and 
status of each frame that is received. (Figure 9.) 

r----- ------------------
I 
I 
I 
I RECEive 

I FRAME 

I 
DESCRIPTOR (RFD) 

I 
I 
I 
I 
I 
I BUFFER 
I DESCRIPTOR (BD) 

I t I 
I 
I 
I 
I 
I 
I DATA 

I BUFFeR (DB) 

I 
I 

RECEIVE DESCRIPTOR LI ST(RDL) 

RFD ... -1L-__ R_FD_--, 

FReE BUFFER LIST ( FBL) 

BD - - BD 

t ! 

! l 

DB DB 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I I 

I I 
I ReceiVER FRAME AREA (RFA) I L ______________________________________ ~ 

Figure 8. Receive Frame Area Diagram 
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RECEIVE FRAME STATUS 

LINK FIELD 

BUFFER DESCRIPTOR 
LINK FIELD 

DESTINATION ADDRESS 

SOURCE ADDRESS 

TYPE FIELD 

.r--

.1---

NEXT RECEIVE 
FRAME DESCRIPTOR 

BUFFER DESCRIPTOR 

Figure 9. Receive Frame Descriptor 

The 82586, once enabled, checks each passing 
frame for an address match. The 82586 will recognize 
its own unique address, one or more multicast ad­
dresses or the broadcast address. 

If a match occurs, it stores the destination and 
source address and type field in the next available 
RFD. It then begins filling the next free Data Buffer on 
the FBL (which is pointed to by the current RFD) with 
the data portion of the incoming frame. As one DB is 
filled, the 82586 automatically fetches the next DB on 
the FBL until the entire frame is received. This buffer 
chaining technique is particularly memory efficient 
because it allows the system designer to set aside 
buffers that fit a frame size that may be much shorter 
than the maximum allowable frame. Without buffer 
chaining, all receive data buffers would have to be as 
long as the maximum allowable frame. 

Once the entire frame is received without error, the 
82586 performs the following housekeeping tasks: 

-Updates the Actual Count field of the last Buffer 
Descriptor used to hold the frame just received 
with the number of bytes stored in its associated 
Data Buffer. 

-Fetches the address of the next free Receive 
Frame Descriptor. 

-Writes the address of the next free Buffer Descrip­
tor into the next free Receive Frame Descriptor. 

-Posts a "Frame Received" interrupt status bit in 
the SCB. . 

-Interrupts the CPU. 

In the event of a frame error, such as a CRC error, the 
82586 automatically reinitializes its DMA pointers 
and reclaims any data buffers containing the bad 
frame. As long as Receive Frame Descriptors and 
data buffers are available, the 82856 will continue to 
receive frames without further CPU help. 

82586 Action Commands 

The 82586 executes a "program" that is made up of 
action commands in the Command Block List. As 
shown in Figure 5, each command contains the com­
mand field, status and control fields, link to the next 
action command in the CBL, and any command­
specific parameters. The 82586 has a repertoire of 8 
commands. 

NOP 
Set Up Individual Address 
Configure 
Set Up Multicast Address 
Transmit 
TOR 
Diagnose 
Dump 

NOP: 
This command results in no action by the 82586 
other than the normal command processing such as 
fetching the command and decoding the command 
field. 

Individual Address Set Up: 
This command is used to load the 82586's unique 
address. The unique address i.s contained in the pa­
rameter field of the command. 

Configure: 
The Configure command is used to load the 82586 
with its operating parameters. Upon reset, the 82586 
initializes to the Ethernet-based parameters. If the 
user wishes to use any other values, the Configure 
command is used. 

Multicast Address Set Up: 
This command allows the programmer to set up one 
or more multicast addresses into the 82586. The mUl­
ticast addresses to be set up are located in the pa­
rameter field of the command. 

Transmit: 
One Transmit command is used to send a single 
frame. If more than one frame is to be sent, the host 
CPU can link multiple Transmit commands together. 
The destination address, type field and pointer to 
buffers containing the data field are contained in the 
parameter field of the Transmit command. 

TOR: 
This command performs the Time Domain Reflec­
tometry test on the coaxial cable. The TOR command 
is used to detect and locate cable faults caused by 
either short or open circuits on the coaxial cable. 
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Diagnose: 
The Diagnose command puts the 82586 through a 
self-test procedure and reports on the success or 
failure of the internal test. 

Dump: 
This command causes the 82586 to dump its internal 
registers into memory. The registers included are 
those loaded by the Configure and Address Set-Up 
commands, plus status and other internal working 
registers. 

PROGRAMMABLE NETWORK 
PARAMETERS AND DIAGNOSTICS 

Network Parameters 

The Ethernet specification represents a complete 
description of the physical and data link layers of a 
local-area network. As such, items such as address 
and preamble length, maximum distance between 
two stations, and frame-check sequence length are 
fixed to assure that stations connecting to the net­
work are compatible. Through the Configure com­
mand, the 82586 can also be tailored to achieve 
maximum efficiency in other network configura­
tions. The following parameters can be specified in 
the Configure command: 

PARAMETER 
Source/Destination Address 
CRC 
Preamble Length 

Frame Delimiter 

Slot Time 

LENGTH 
o to 6 bytes 
16 or 32 bits 
16,32, 64,or128 
bits 
Ethernet or HDLC 
(Flags and bit 
stuffing) 
11 bits to specify 
number of transmit 
clock times 

The Slot time is a period slightly longer than the 
maximum round-trip delay time thrQugh the net­
work, i.e., the round-trip delay between the two most 
distant stations. The Slot time is used in the 
CSMA/CD Backoff calculation where the random 
time is defined in increments of the Slot Time. 
Shorter networks, such as a serial backplane within a 
cabinet would have a very short Slot Time compared 
to a 2500-meter Ethernet Network, for example. 

stations will have better access to the cable during 
peak busy periods. 

Diagnostics 

In addition to specifying network parameters, the 
Configure command is also used to call up a power­
ful set of diagnostic functions through individual 
fields within the command. 

Save Bad Frame: 
Under normal operation, the 82586 automatically dis­
cards frames with errors, such as a CRC error. 
Frames can be saved for later examination by 
requesting it through this field. 

Address/Type Field Location: 
This field informs the 82586 that the destination and 
source addresses and type field are the first entries 
in the Transmit Data Buffer ri\ther than in the param­
eter field of the Transmit command (destination ad­
dress and type field) and Individual Address register 
of the 82586 (source address). 

Loopback: 
Two Loopback modes are available.on the 82586. The 
Internal Loopback moves the transmitted frame from 
memory into the 82586 FIFO, through the bit trans­
mitter, back into the bit receiver and back to memory 
without going through the external serial drivers and 
receivers of the 82586. Note that the data moves at 
one-fourth the normal bit rate when the 82586 is in 
Internal Loopback. 

External Loopback is identical to the Internal Loop­
back except that the frame does move out through 
the serial drivers and back in through receivers of 
the 82586 at the normal bit rate. This allows external 
components, such as the 82501 ESI chip and Ether­
net transceivers, to be tested independently of the 
coaxial cable or remote station. 

Promiscuous Receive: 
The 82586 can be made to receive all good frames, 
regardless of address, using this field. This is useful 
as a monitor or diagnostic mode for a station. 

Broadcast Disable: 
This field is used to disable the reception of all broad­
cast messages by the 82586. 

Priority can also be assigned via a field in the Con- Minimum Frame Length: 
figure command. This field specifies the amount of The 82586 automatically rejects received frames 
time the particular 82586 must wait after the cable which are shorter than tbe minimum frame length as 
has been quiet before attempting to transmit its specified in this field. This 9-bit field allows the mini-
frame. By assigning lower-priority stations a longer mum frame length to range from 1 to 511 bytes. (For 
wait time, the high-priority (shorter wait-time) Ethernet the minimum frame is 64 bytes.) 
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No CRC Insertion: 
This field disables the automatic CRC insertion and 
terminates the frame after last byte of the data field is 
transmitted. Using this option, frames with the wrong 
CRC can be generated in order to test a receiving 
station's CRC checking circuitry. 

As an aid to monitoring the operation of the network 
and tracking its "vital signs," the 82586 also reports 
the following conditions after each received and 
transmitted frame. 

RECEIVED FRAME 
-No errors 
-Short Frame (less than minimum frame length) 
-DMA Overrun; FIFO overflow before DMA service 
-CRC error 
-Alignment error 
-No resources (buffers) to store frame 

TRANSMITTED FRAME 
-Frame transmitted 
-Number of collisions encountered 
- Transmission aborted, too many collisions 
-DMA underrun; FIFO empty before DMA service 

RElET rol 
RESETIN x, x, 

HOLD 

HLOA 

ClKOUT 
IAPX 186 

RESETOUT 

INTO 

-Channel busy; 82586 deferred before frame 
transmission 

-CTS (Clear To Send) lost 
-CRS (Carrier Sense) lost 
-Collision Test Status (Heartbeat Test) 

System Interface 

The 82586 operates as a bus master. Through its 
HOLD/HLDA signals, it is able to request bus cycles, 
transfer data and release the bus. Two internal 16-
byte FIFOs are used to buffer data to and from the 
system bus through the four DMA channels on the 
82586. Therefore, once the DMA request is granted, 
the 82586 is able to transfer multiple bytes of data (to 
fill or empty the FIFO) with each DMA request. 

The 82586 system interface is a standard multiplexed 
bus that can be used with any of the popular 8- and 
16-bit microprocessors. It is optimized for minimum­
interface support logic when used with the iAPX 186 
(Figure 10). When combined with the 82501 ESI chip, 
the Ethernet interface is complete from the CPU to 
the transceiver cable. 

~ 
nTO SERIAL IN TERFACE 

MN/MX 
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HLOA 

ClK 
82586 

RESET 

INT 

PCSO '" CA 
READY BHE, A16-A23 ADo-AD15 SOS1S2 lJ so S1 BHE, A'6-A23 ADo-AD15 READY ARDY 
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Figure 10. iAPX 186/82586 System 
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For 8086/8088-based systems, the 82285 is used as a 
clock generator for the 82586 system clock and the 
8259A as an interrupt controlier. The 8288 Bus Con­
trolier is common as both the CPU and the 82586 

have the same data transfer timing. A bus arbiter is 
also needed to convert to/from the 82586 HOLD/ 
HLDA from/to the 8086/8088 RQ/GT. This· config­
uration is shown in Figure 11. 

~ i1' 
n TO SERIAL 

INTERFACE 

MN/MX L.,. RESET 
MN/MX 

H PIC - READY 
8259A -- ClK 

8086 82586 ARDY r1 f+- RESET INTR INTR INTO INT 
~ 82285 l- f+- READY r-- - HOLD 

r--.... CLK BHE, -~Q~TOil I- r-- HlDA BHE, 
a....!!.~ ADo-AD,s A16-A19 so Sl 52 IJiITA 50S! ADo-AD15 A16-A19 CA 

L-
Ii HOlD/HlOA It f RO/GTO CONVERTER -

MULTIPLEXED BUS ( 

,J 

7 

~ 'i----<I- "" '''' ~ ~.,,- ~1 8287 OE I-- DEN 
lATCHES DATA T/A DT/A 8288 I DECODE I 8282 STB ":' TRANSCEIVER~ I "- ClKALE 

lOGIC 

I - ~ 

READY ADDRESS lATA COMMAND ..; ~ 

\ SYSTEM BUS ( 

Figure 11. 8086/82586 System 
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A third system configuration shown in Figure 12 is a 
dual-port RAM-based system. In this configuration, 
the bus traffic between the 82586 and shared 
memory (via port 8) is isolated from system bus traf­
fic. Using such a configuration, high-bandwidth pe-

ripherals like the 82586 can operate with shared 
memory using its own local bus, leaving the system 
bus free for the CPU and other peripherals such 
as a display controller, with access to shared memory 
via Port A. 

cPU SYSTEM 
MEMORY 

OTHER 
PERIPHERAL 

CONTROLLER(S) 

1 SYSTEM BUS 

LATCHES DATA l=l 
~ 

r-------.., A 16/ l:" 
/'---'/"1---' SHARED 

MEMORY 

..-----:..~ '--------, I 
DATA ~ 

LATCHES -
/}1:" 

16 ./ 
./ 

V 

ADo-ADos 

PORTA 
CONTROL 1--__ -1 

8207 

PORTB 
CONTROL 

A 20/ 

~ l-

MULTIPLEXED BUS 

82586 CONTROLLER 

BUS 
CONTROL 

LSERIALI/O 

Figure 12. Dual-Port RAM-Based System 
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Emerging Applications 
The availability of low-cost VLSI controllers to serve 
Ethernet local-area networks is also stimulating 
other nigh-speed serial applications. The serial back­
plane is a form ,of a local area network within a 
cabinet. A high-speed "Serial backplane" is used to 
connect modular subsystems within a box. For exam­
ple, a high-feature copier will have modular designs 
for the display/control panel, feeder, sorter, camera 
and developing functions. By replacing multicon­
ductor busses with a single serial backplane, costs 
are reduced while improving design flexibility, relia­
bility and modularity for future growth (Figure 13). 

A logical extension of the serial backplane within the 
cabinet is serial connection for local clusters of pe­
ripherals around a basic work station, for example 
(Figure 14). While maintaining a connection to the 
"public" local-area network, Ethernet, local pe­
ripherals such as printers or disk storage can be 
added to the work station via a separate serial con­
nection. Such serial peripheral connections also 
result in more flexible system designs by allowing for 
modular growth. By using the 82586 programmable 
functions, the frame length, network size and trans­
mission speed can be tailored to the specific serial 
backplane or peripheral connection environment. 

r-----------------~~==~~I 

~--------~/ ~ 

f---? -i 
FEEDER 

Figure 13. Serial BackplanE! 
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82720 
GRAPHICS DISPLAY CONTROLLER 

• High-Performance Graphics for 
Siggraph Core-, N.A.P'L.P.S.- and ANSI 
VDI-Compatible or Custom Systems 

• Displays Low-to-High Resolution 
Images 

• Draws Characters, Points, Lines, Arcs 
and Rectangles 

• Supports Monochrome, Greyscale or 
Color Displays . 

• Zooms, Pans and Windows Through a 
1/2-Mbyte Display Memory 

FUNCTIONAL DESCRIPTION 

• Extremely Flexible Programmable 
Screen Display, Blanking and Sync 
Formats 

• Compatible with Intel's MCS®-S1 and 
iAPX 88/86/186 Microprocessor Families 

• High-Level Commands Off Load the 
Master Processor from Bit Map 
Loading and Screen Refresh Tasks 

• Supports Graphics, Character, and 
Mixed Display Modes 

The 82720 Graphics Display Controller (GDC) is an intelligent microprocessor peripheral designed to drive 
high-performance raster-scan computer graphics and character CRT displays. Positioned between the video 
display memory and an Intel microprocessor bus, the GDC performs the tasks needed to generate the raster 
display and manage the display memory. Processor software overhead is minimized by the GDC's sophisticated 
instruction set, graphics figure drawing, and DMA transfer capabilities. The display memory supported by the 
GDC can be configured in any number of formats and sizes up to 256K 16-bit words. The display can be zoomed 
while partitioned screen areas can be independently scrolled and panned. With its light pen input and multiple 
controller capability, the GDC is ideal for most computer graphics applications. Systems implemented with the 
GDC can be designed to be compatible with standards such as Siggraph Core, N.A.P.L.P.S., and ANSI VDI or 
custom implementations . 

.., 
" '" D---O--L ___ -' 

+5V 0----­

GND 0---

2)1' WCLK 0----

Figure 1. Block Diagram 

RAslALE) 
i5BiN ' 

2xWCl-K [~P Vee 

OBIN ~ 2 39 ,4.17 

H$VNC ~ 3 38 A-16 

"IEXT/SYNC [ 4 37 AO-15 
BL.ANK [ 5 36 AO-14 

RAs(ALE) [ 6 35 AO·13 

ORO r 1 34 AO-12 

DACK [ 8 33 AD-l' 

REi 9 32 J AI)..10 

WR L 10 8272031 11.0-9 
11.0 11 30 AD·8 

DB-O 12 29 AD-7 

0B-1 13 28 Ao-6 

08-2 14 27 AO-5 

oB-3 15 26 11.0-4 

OB-4 16 25 11.0-3 

08·5 11 24 11.0·2 

OB·6 18 23 J AD-I 

OB·7 19 22 J AD·D 

GNO -..';,.' __ '-,I J LPEN 

Figure 2. Pin Configuration 
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Table 1. Pin Description 

Symbol Pin No. Type Name and Description Symbol Pin No. Type Name and Description 

2XWCLK 1 I Clock Input Vee 40 + 5V Power Supply 

DBIN 2 0 Display Bus Input: Read A17 39 0 Graphics Mode: Display Ad-
strobe output used to read dis· dress BIt 17 Output 
play memory data into the GDC. Character Mode: Cursor Out-

HSYNC 3 0 Horizontal Sync: Output used 
to in itiate the horizontal retrace 
of the CRT display. 

put 
Mixed Mode: Cursor and 
Image Mode Flag 

V/EXT 4 I/O Vertical Sync: Output used to 
SYNC onitiate the vertical retrace of 

the CRT display. In slave mode, 
this pIn is an input used to 
synchronoze the GDC wIth the 
master raster timing devIce. 

A1S 38 0 Graphics Mode: Display Ad-
dress Bit 16 Output 
Character Mode: LIne Coun-
ter Bit 3 
Mixed Mode: Attribute Blink 
and Line Counter Reset 

BLANK 5 0 Blank: Output used to sup· 
press the video signal. 

A1S 37 I/O Graphics Mode: Display 
Address/Data Bits 13-15 

A14 36 Character Mode: LIne 
RAS (ALE) 6 0 Row Address Strobe (Address Counter Bits 0-2 Output 

Latch Enable): Output used to A13 35 Mixed Mode: DIsplay Address! 
start'the control timing chain Data Bits 13-15 
when used with dynamic 
RAMs. When used with static 
RAMs, thIs sIgnal is used to 
demultiplex the display ad-
dress/data bus. 

AD12 34 I/O Display Address/Data Bits 0-12 
ADll 33 
AD10 32 
ADg 31 
ADa 30 

DRQ 7 0 DMA Request: Output used to A~ 29 
request a DMA transfer from a ADs 28 
DMA controller (8237) or I/O ADs 27 
processor (8089). AD4 26 

DACK 8 I DMA Acknowledge: Input 
used to acknowledge a DMA 
transfer from a DMA controller 

ADa 25 
A~ 24 
ADl 23 

or I/O processor. ADo 22 

RD 9 I Read: Input used to strobe LPEN 21 I Light Pen Detect Input 

GDC D a t a In t 0 the 
microprocessor. 

WR 10 I Write: Input used to strobe 
mIcroprocessor data into the 
GDC. 

AO 11 I Register Address: Input used 
to select between com mands 
and data read or wrotten. 

DBO 12 I/O Bidirectional Microprocessor 
DB1 13 Data Bus Line: Input enabled 
DB2 14 by WR. Output enabled by RD. 
DB3 15 
DB4 16 
DBS 17 
DB6 .18 
DB7 19 

GND 20 Ground. 
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Microprocessor Bus Interface 

Control of the GDC by the system microprocessor is 
achieved through an 8-bit bidirectional interface. 
The status register is readabre at any time. Access to 
the FIFO buffer is coordinated through flags in the 
status register. 

Command Processor 

The contents of the FIFO are interpreted by the com­
mand processor. The command bytes are decoded 
and the succeeding parameters are distributed to 
their proper destinations within the GDC. The bus 
interface has priority over the command processor 
when both access 'the FIFO simultaneously. 

DMA Control 

The OMA control circuitry in the GOC coordinates 
data transfers when using an external OMA control­
ler. The OMA Request and Acknowledge handshake 
lines directly interface with an 8257, 8237, iAPX186 
OMA controller, or 8089 I/O processor, so that display 
data can be moved between the microprocessor 
memory and the display memory. 

Parameter RAM 

The 16-byte RAM stores parameters that are used 
repetitively during the display and drawing pro­
cesses. In character mode, the RAM holds four sets 
of partitioned display area parameters. In graphics 
mode, the RAM holds the drawing pattern and graph­
ics charactE;!r. 

Video Sync Generator 

Based on the clock input, the sync logic generates 
the raster timing signals for almost any interlaced, 
non-interlaced, or "repeat field" interlaced video for­
f)1at. The generator is programmed during the idle 
period following a reset. In video sync slave mode, it 
coordinates timing between the GOC and another 
video source. 

Memory Timing Generator 

The memory timing circuitry provides two memory 
cycle types: a two-clock period refresh cycle and the 
read-modify-write (RMW) cycle which takes four 
clock periods. The memory control signals needed to 
drive the display memory devices are easily 
generated from the GOC's RAS(ALE) and OBIN 
outputs. 

Zoom and Pan Controller 

Based on the programmable zoom display factor and 
the display area parameters in the parameter RAM, 
the zoom and pan controller determines when to 
advance to the next memory address for display 
refresh and when to go on to the next display area. A 
horizontal zoom is produced by slowing down the 
display refresh rate while maintaining the video sync 
rates. Vertical zoom is accomplished by repeatedly 
accessing each line a number of times equal to the 
horizontal repeat. Once the line count for a display 
area is exhausted, the controller accesses the start­
ing address and line count of the next display area 
from the parameter RAM. The system microproces­
sor, by modifying a display area starting address, 
allows panning in any direction, independent of the 
other display areas. 

Drawing Processor 

The drawing processor contains the logic necessary 
to calculate the addresses and positions of the pixels 
of the various graphics figures. Given a starting point 
and the appropriate drawing parameters, the draw­
ing processor needs no further assistance to com­
plete the figure drawing. 

Display Memory Controller 

The display memory controller's tasks are numerous. 
Its primary purpose is to multiplex the address and 
data information in and out of the display memory. It 
also contains the 16-bit logic units used to modify the 
display memory contents during RMW cycles, the 
character mode line counter, and the refresh counter 
for dynamic RAMs. The memory controller appor­
tions the video field time between the various types 
of cycles. 

Light Pen Debol.lncer 

Only if two rising edges on the light pen input occur 
at the same point during successive video fields are 
the pulses accepted as a valid light pen detection. A 
status bit indicates to the system microprocessor 
that the light pen register contains a valid address. 

System Operation 

The GOC is designed to work with Intel microproces­
sors to implement high-performance computer 
graphics systems. System efficiency is maximized 
through partitioning and a pipelined architecture. At 
the lowest level, the GOC generates the basic video 
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raster timing, including sync and blanking signals. 
Partitioned areas on the screen and zooming are 
also accomplished at this level. At the next level, 
video display memory is modified during the figure 
drawing operations and data moves. Third, display 
memory address are calculated pixel by pixel as 
drawing progresses. Outside the GDC at the next 
level, preliminary calculations are done to prepare 
drawing parameters. At the fifth level, the picture 
must be represented as a list of graphics figures 
drawable by the GDC. Finally, this representation 
must be manipulated, stored and communicated. 
The GDC takes care ot'the high-speed and repetitive 
tasks required to implement graphics systems. 

GENERAL OVERVIEW 

In order to minimize system bus loading, the 82720 
uses a private video memory for storage of the video 
image. Up to 512K bytes of video memory can be 
supported. For example, this is sufficient capacity to 
store a 2048 x 2048 bit image. Using 1 bit per picture­
element (pixel), this translates into 2048 x 2048 
pixels. Images can be generated on the screen by: 

-Drawing commands 
-Program-Controlled Transfers 
-DMA Transfers from System Memory 

The 82720 can be configured to support a wide vari­
ety of, graphics applications. It can support: 

-High Dot Rates 
-Color planes 
-Horizontal split screen 
-Character-oriented Displays 
-Multiplexed Graphic and Character Display 

GRAPHIC DISPLAY CONFIGURATIONS 
The 82720 provides the flexibility to handle a wide 
variety of graphic applications. This flexibility results 
from havi ng its own private video memory for storage 
of the graphics image. The organization of this 
memory determines the performance, the number of 
bits/pixel and the size of the display. Severa~different 
video memory organizations are examined in the fol­
lowing paragraphs. 

In the simplest 82720 system, the memory can store 
up to a 2048 x 2048 x 1 bit image. It can display a 1024 
x 1024 x 1 bit sectiQn of the image at a maximum dot 
rate of 80 MHz. In this configuration, only 1 bit/pixel is 
used. 

By partitioning the memory into multiple banks, 
color, greyscale and higher bandwidth displays can 
be supported. By adding various amounts of external 

logic, many cost/performance tradeoffs for both dis­
play and drawing are realizable. 

The video memory can be partitioned into 4 banks, 
each 1024 x 1024 bits. By selecting all 4 memory 
banks during display, 4 bits/pixel can be provided by 
a single 82720. Each bank of video memory con­
tributes 1 bit to each pixel. This configuration can 
support color monitors with a maximum dot shift 
rate of 80 MHz. 

Higher performance may be achieved by using multi­
ple 82720s. Multiple 82720s can be used to support 
mutliple display windows, increased drawing speed, 
or increased bits per pixel. For display windows, 
each 82720 controls one window of the display. For 
increased drawing speed, multiple 82720s are 
operated in parallel. For increased bits/pixel, each 
82720 contributes a portion of the number of bits 
necessary for a pixel. 

CHARACTER DISPLAY CONFIGURATION 
Although the 82720 is intended primarily for raster­
scan graphics, it can be used as a character display 
controller. The 82720 can support up to 8K by 13 bits 
of private video memory in this configuration (1 char­
acter = 13 bits). This is sufficient memory to store 4 
screens of data containing 25 rows by 80 characters. 
The 82720 can display up to 100 rows by 256 charac­
fers. Smooth vertical scrolling of the display is also 
supported. 

MULTIPLEXED DISPLAY CONFIGURATION 
The GDC can support a mixed display system for 
both graphic and character information. This capa­
bility allows the display screen to be partitioned be­
tween graphic and character data. It is possible to 
switch between one graphic display window and one 
character display window with raster line resolution. 
A maximum of 256K bytes of video memory is sup­
ported in this mode: Half is for graphic data, half is for 
character data. In graphic mode, a one megapixel 
image can be stored and displayed. In character 
mode, 64K, 16-bit characters can be stored. Up to 100 
rows by 256 characters can be displayed. 

DETAILED OPERATIONAL DESCRIPTION 

The GDC can be ,used in one of three basic modes 
-Graphics Mode, Character Mode and Mixed Mode. 
This section of the data sheet descr.ibes the following 
for each mode: 

1. Memory organization 
2. Display timing 
3. Special Display functions 
4. Drawing and writing 
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Graphics Mode Memory Organization 

The Display Memory is organized into 16-bit words. 
Since the display memory can be larger than the CRT 
display itself, two width parameters must be speci­
fied: display memory width and display width. The 
Display width (in words) is selected by a parameter of 
the Reset command. The Display memory width (in 
words) is selected by a parameter of the Pitch com­
mand. The height of the Display memory can be 
larger than the display itself. The height of the Dis­
play is selected by a parameter of the Reset com­
mand. The height of the Display memory defaults to 
the Total Display memory size divided by the display 
memory width. The GDC can 1j.ddress up to 4Mbits 
(512Kbytes) of display RAM in graphics mode. 

Graphics Mode Display Timing 

All raster blanking and display timings of the GDC 
are a function of the input clock frequency. Sixteen 
bits of data are read from the RAM and loaded into a 
shift register in each two clock period access cycle. 
The Address and Data busses of the GDC are multi­
plexed. In the first part of the cycle, the address of the 
word to be read is latched into an external demul­
tiplexer. In the second part of the cycle the data is 
read from the RAM and loaded into the shift register. 
Since all 16 bits of data are to be displayed, the dot 
clock is 8x the GDC clock or 16x the Read cycle 
frequ~ncy. 

The Vertical Front Porch, Sync, and Back Porch 
timings are also defined by parameters of the Reset 
command. They are multiples of the Raster Line 
times. The cursor is not visible in graphics mode. 

Another Reset command parameter selects inter­
laced or non-interlaced mode. When the interlaced 
mode is selected, a bit in the parameter RAM can 
define Wide Display Mode. In this mode, while data is 
being sent to the screen, the display address counter 
is incremented by two rather than one. This allows 
the display memory to be configured to deliver 32 
bits from each display read cycle. 

The V Sync command specifies whether the V Sync 
Pin is an input or an output. If the V Sync Pin is an 
output, the GDC generates the raster timing for the 
display and other CRT controllers can be synchro-

nized to it. If the V Sync pin is an input, the GDC can 
be synchronized to any external vertical Sync signal. 

Graphics Mode Special Display Functions: 

WINDOWING 
The GDC's Graphics Mode Display can be divided 
into two windows on the screen, upper and lower. 
The windows are defined by parameters written into 
the GDC's parameter RAM. Each window is specified 
by a starting address and a window length in lines. If 
the second window is not used, the first window 
parameters should be specified to be the same as the 
active display size. • 

ZOOMING 
A parameter of the GDC's zoom command allows 
zooming by effectively increasing the size of the dots 
on the screen. This is accomplished vertically by 
repeating the same display line. The number of times 
it is repeated is determined by the display zoom fac­
tor parameter. Horizontally, zoom is accomplished by 
extending each display word cycle and displaying 
fewer words per line, according to the zoom factor. It 
is the responsibility of the microprocessor control­
ling the GDC to provide the shift register clock cir­
cuitry with the zoom factor required to slow down the 
shift registers to the appropriate speed. The fre­
quency of the 2XWCLK should not be changed. The. 
zoom factor must be set to a known state upon 
initialization. 

PANNING 
Panning is accomplished by changing the starting 
address of the display window. In this way, panning is 
possible in any direction, vertically on a line by line 
basis and horizontally on a word by word basis. 

Graphics Mode Drawing and Writing 

The GOG can draw dotted lines, arcs, circles, rec­
tangles, slanted rectangles, characters, slanted 
characters, filled rectangles. Direct access to the bit 
map is also provided via the DMA Commands and the 
Read or write data commands .. 

MEMORY MODIFICATION 
All drawing and writing functions take place at the 
location in the display RAM specified by the cursor. 
The cursor is not displayed in Graphics Mode. The 
cursor location is modified by the execution of draw­
ing, reading or writing commands. The cursor will 
move to the bit following the last bit accessed. 
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Each bit is drawn by executing a Read-Modify-Write 
cycle on the display RAM. These R/M/W cycles re­
quire four 2XWCLK cycles to execute. Write Data 
(WDAT), Read Data (RDAT), DMA write (DMAW) and 
DMA read (DMAR) commands can be used to exam­
ine or modify one to 16 bits in each word during each 
R/M/W cycle. All other graphics drawing commands 
modify one bit per R/M/W cycle. 

An internal 16-bit Mask register determines which 
bit(s) in the accessed word are to be modified. A one 
in the Mask register allows the bit in the display RAM 
to be modified by the R/M/W cycle. A zero in the mask 
register prevents the GDC from modifying the bit in 
the display RAM. 

The mask must be set by the Mask Com mand prior to 
issuing the WDAT and DMAW The Mask register is 
automatically set by the CURS Command and 
manipulated by the graphics commands. 

The display RAM bits can be modified in one of four 
ways. They can be set to 1, reset to 0, complemented 
or replaced by a pattern. 

When replace by a pattern mode is selected, lines, 
arcs and rectangles will be drawn using the 16-bit 
pattern in pa.rameter RAM bytes 8 and 9. 

In set, reset, or complement mode, parameter RAM 
bytes 8 and 9 act as another level of masking for line 
arc and rectangle drawing. As each 16-bit segment 
of the line or arc is drawn, it is checked against the 
pattern in the Parameter RAM. If the pattern RAM bit 
is a one, the display RAM bit will be set, reset, or 
complemented per the proper modes. If the pattern 
RAM bit is a zero, the Display RAM bit won't be 
modified. 

When replace by pattern mode is selected, the 
graphics character and fill commands will cause the 
8 x 8 pattern in parameter RAM bytes 8 to 15 to be 
written directly into the display RAM in the appropri­
ate locations. 

In set, reset, or complement mode, the 8 x 8 pattern in 
parameter RAM bytes 8 to 15 act as a mask pattern 
for graphics character or fill commands. If the appro­
priate parameter RAM bit is set, the display RAM bit 
will be modified. If the parameter RAM bit is zero, the 
display RAM bit will not be modified. These modes 
are selected by issuing a WDAT command without 
parameters before issuing graphics commands. The 
pattern in the parameter RAM has no effect on WDAT, 
RDAT, DMAW, or DMAR operations. 

READING AND DRAWING COMMANDS 
After the modification mode has been set and the 
parameter RAM has been loaded, the final drawing 
parameters are loaded via the figure specify (FIGS) 
command. The first parameter specifies the direc­
tion in which drawing will occur and the figure type to 
be drawn. This parameter is followed by one to five 
more parameters depending on the type of character 
to be drawn. 

The direction parameter specifies one of eight oc­
tants in which the drawing or reading will occur. The 
effect of drawing direction on the various figure 
types is shown in the figure below. 

RDAT, WDAT, DMAR, and DMAW Operations move 
through the Display memory as shown in the "DMA" 
Column. 

The other parameters required to set up figure read­
ing or drawing are shown in the following figure. 

DRAWING TYPE DC 0 02 01 OM 

INITIAL VALUE' -1 -1 

LINE IAII 2IADI- !AII 2(loDI-IAII) 21ADI 

ARC" r sincf>i r -1 2(r-1) -1 rsm Hi 

RECTANGLE 3 A-1 B~-1 - 1 A-1 

AREA FILL B-1 A A 

GRAPHIC 
CHARACTER'" B-1 A A 

READ & 

WRITE DATA W-1 

DMAW 0-1 C-1 

DMAR 0-1 C-1 (C-l)/U 

• INITIAL VALUES FOR THE VARIOUS PARAMETERS ARE LOADED 
DURING THE HANDLING OF THE FIGS OP CODE BYTE. 

.. CIRCLES ARE DRAWN WITH 8 ARCS, EACH OF WHICH SPAN 45", SO 
THAT SIN 4 ~ 1./-v'2 AND SIN e ~ o. 

• .. GRAPHIC CHARACTERS ARE A SPECIAL CASE OF BIT-MAP AREA 
FILLING IN WHICH B AND A "8. IF A ~ 8 THERE IS NO NEED TO 
LOAD 0 AND 02. 

WHERE, 
-1 ~ ALL ONES VALUE. 
ALL NUMBERS ARE SHOWN IN BASE 10 FOR CONVENIENCE. THE GDC 
ACCEPTS BASE 2 NUMBERS (2'S COMPLEMENT NOTATION WHERE 
APPROPRIATE). 

- ~ NO PARAMETER BYTES SENT TO GDC FOR THIS PARAMETER. 
AI ~ THE LARGER OF AX OR A Y (DEPENDENT AXIS) 
AD ~ THE SMALLER OFAX OR A Y. (INDEPENDENT AXIS) 

r ~ RADIUS AT CURVATURE, IN PIXELS. 
¢ ~ ANGLE FROM MAJOR AXIS TO END AT THE ARC. ¢ " 45'. 
e ~ ANGLE FROM MAJOR AXIS TO START AT THE ARC. e " 45'. 
t ~ ROUND UP TO THE NEXT HIGHER INTEGER. 
j ~ ROUND DOWN TO THE NEXT LOWER INTEGER. 

A ~ NUMBER OF PIXELS IN THE INITIALLY SPECIFIED DIRECTION. 
B ~ NUMBER OF PIXELS IN THE DIRECTION AT RIGHT ANGLES TO 

THE INITIALLY SPECIFIED DIRECTION. 
W ~ NUMBER OF WORDS TO BE ACCESSED. 
C ~ NUMBER OF BYTES TO BE TRANSFERRED IN THE INITIALLY 

SPECIFIED DIRECTION. (TWO BYTES PER WORD IF WORD 
TRANSFER MODE IS SELECTED.) 

o ~ NUMBER OF WORDS TO BE ACCESSED IN THE DIRECTION AT 
RIGHT ANGLES TO THE INITIALLY SPECIFIED DIRECTION. 

DC ~ DRAWING COUNT PARAMETER WHICH IS ONE LESS THAN THE 
NUMBER OF RMW CYCLES TO BE EXECUTED. 

OM ~ DOTS MASKED FROM DRAWING DURING ARC DRAWING. 
,. ~ NEEDED ONLY FOR WORD READS. 

Figure 3. Drawing Parameter Details 
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The independent axis called out in the table is either 
horizontal or vertical. The independent axis is 
defined as the axis of the longest component of the 
vector. The dependent axis is the axis of the shortest 
component of the vector. After the parameters have 
been set, line, arc, circle, rectangle or slanted rectan­
gle drawing operations are -initiated by the Figure 
Draw (FIGD) command. Character, slanted character, 
area fill and slanted area fill drawing operations are 
initiated by the Graphics Character Draw (GCHRD) 
command. DMA transfers are initiated by the DMA 
Read or Write (DMAR or DMAW) commands. Data 
Read Operations are initiated by the Read Data 
(RDAT) Command. Data Write Operations are in­
itiated by writing a parameter after the WDAT 
command. 

The Area Fill operation steps and repeats the B x B 
graphics character pattern draw operation to fill a 
rectangular area. If the size of the rectangle is not an 
integral number of B x B pixels, the GDC will auto­
matically truncate the pattern at the edges furthest 
from the starting point. 

The Graphics Character Drawing capability can be 
modified by the Graphics Character Write Zoom Fac­
tor (GCHR) parameter of the zoom command. The 
zoom write factor may be set from 1 to 16 (by using 
from 0 to 15 in the parameter). Each dot will be 
repeated in memory horizontally and vertically 
(adjusted for drawing direction) the number of times 
specified by the zoom factor. 

Arcs which do not start on an octant boundary can 
be drawn with 2 commands. One which draws from 
the octant boundary to the end of the arc followed by 
a command which erases the arc from the arc from 
the octant boundary to the beginning of the arc. 

The WDAT Command can be used to rapidly fill large 
areas in memory with the same value. In the graphics 
mode, the LS Bit of the Parameter is used as the 
pattern for the R/M/W operations. 

Character Mode Memory Organization 

In character mode, the Display memory is organized 
into up to BK characters of up to 13 'bits each. 

The display memory can be larger than the display 
itself. The display width (in characters) is a parameter 
of the reset command. The display memory width (in 
characters) is a parameter of the Pitch Command. 
The height of the display (in lines) is a parameter of 
the Reset Command. The display memory height is 
determined by dividing the number of display 
memory words by the pitch. 

In character mode, the display works almost exactly 
as it does in graphics mode. The differences lie in the' 
fact that data read from the display RAM is used to 
drive a character generator EPROM, as well as colo~, 
greyscale, or attribute logic if desired. In Character 
mode, address bits 13-16 become line counter out­
puts used to select the proper line of the character 
generator, and the address 17 output becomes the 
cursor output. 

Character Mode Display Timing 

In character mode, the display timing works as it 
does in graphics mode. In addition, the Address 17 
ouput becomes cursor output. The characteristics Of 
the cursor are defined by parameters of the cursor 
and Character Characteristics (CCHAR) Command. 
One bit allows the cursor output to be enabled or 
disabled. The height of the cursor is programmable 
by selecting the top and bottom line between which 
the cursor will appear. The blink rate is also program­
mable. The parameter selects the number of frame 
times that the cursor will be inactive and active, re­
sulting in a 50% dLM cycle cursor blinking at 2x the 
rate specified by the parameter. 

Character Mode Special Display Functions 

WINDOWING 
The GDC's Character Mode display can be par­
titioned into one to four windows on the screen. The 
windows are defined by parameters written into the 
GDC's Parameter RAM. Each window is specified 
by a starting address and a window length in 
characters. 

If windowing is not required, the first window length 
should be specified to be the same as the active 
display size. 

ZOOMING AND PANNING 
In character mode, zooming and pan handling com­
mands function the same way as in Graphics Mode. 

Character Mode Drawing and Writing 

The GDC can read or write characters of up to 13 
bits into or out of the Display RAM. 

All reading and writing functions take place at the 
display RAM Location specified by the cursor. The 
cursor location can be read by issuing the CURD 
Command. The cursor can be moved anywhere 
within the display memory by the CURS command. 
The cursor location is also modified by the execution 
of character read or write commands. 
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Each character is written or read via a Read/ Modify/ 
Write cycle. Which bit(s) in the character to be modi­
fied is determined by the mask register. The mask 
register can be used to change character codes with­
out modifying attribute bits or vice-versa. The 
Replace with pattern, Set, Reset and Complement 
modes work exactly as they do in graphics mode, 
with the exception that the parameter RAM Pattern is 
not used. The pattern used is a parameter of the 
WDAT Command. 

The Figure Specify (FIGS) command must be set to 
Character Display mode, as well as specify the direc­
tion the cursor will be moved by read or write data 
commands. 

In character mode, the FIGD and GCHRD commands 
are not used. 

Mixed Mode Memory Organization 

In mixed mode, the display memory is organized into 
up to 64K words of 16 bits. 

The display height and width are programmable by 
the same reset command parameters as in the graph­
ics and character modes. The display memory width 
(in words) is a parameter of the Pitch Command and 
the height of the display memory is determined by 
dividing the number of display memory words by the 
pitch. 

An image mode signal is used to switch the external 
circuitry between graphics and character modes in 
two display windows. 

In a graphics window, the GDC works as it does in 
pure graphics mode, but on a smaller total memory 
space (64K words vs 512K words). 

In a character window, the GDC works as it does in 
pure character mode, but the line counter must be 
implemented externally. The counter is clocked by 
the horizontal sync pulse and reset by a signal sup­
plied by the GOC. 

In mixed mode, the GOO provides both a cursor and 
an attribute blink timing signal. 

Mixed Mode Display Timing 

In mixed mode, the display timing works exactly as it 
does in graphics mode. 

In addition, A16_becomes a Multiplexed Attribute and 
Clear Line Counter signal and A17 becomes a multi­
plexed cursor and image mode signal. A16 provides 

an active high line counter reset signal which can be 
latched on the trailing edge of the horizontal sync 
pulse. During the active display line time, A16 pro­
vides blink timing for external attribute circuitry. This 
signal blinks at 1/2 the blink rate of the cursor with a 
75% on, 25% off duty cycle. A17 provides a signal 
which selects between graphics or character display, 
which can be latched on the trailing edge of the 
horizontal sync pulse. During the active display time, 
<1\17 provides the cursor signal. The cursor timing 
and characteristics are defined in exactly the same 
way as in pure character mode. 

Mixed Mode Special Display Functions 

WINDOWING 
The GDC supports from one to four display windows 
in mixed mode. They can independently be program­
med into either graphics or character mode deter­
mined by the state of two bits in the parameter RAM. 
The window location in display memory and size also 
determined by parameters in the parameter RAM. 

ZOOMING AND PANNING 
In mixed mode, zooming and panning commands 
function the same as in graphics and character 
mode. 

Mixed Mode Drawing and Writing 

In mixed mode, the GDC can write or draw in exactly 
the same ways as in both graphics 'and character 
moqes. In addition, the FIGS command has a param­
eter GO (Graphics Drawing Flag) which sets the im­
age mode signal to the proper state for External 
Graphics or Character Circuitry. 

DEVICE PROGRAMMING 

The GDC occupies two addresses on the system mi­
croprocessor bus through which the GDC's status 
register and FIFO are accessed, Commands and pa­
rameters are written into the GDC FIFO and are dif­
ferentiated on address bit AD. The status register or 
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Figure 4. GDC Microprocessor Bus Interface 
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the FIFO can be read as selected by the address line. 
Commands to the GDC take the form of a command 
byte followed by a series of parameter bytes as 
needed for specifying the details of the command. 
The command processor decodes the commands, 
unpacks the parameters, loads them into the appro­
priate registers within the GDC and initiates the re­
quired operations. 

The commands available in the GDC can be organ­
ized into five categories as described in figure 5. 

VIDEO CONTROL COMMANDS 
1. RESET: RESETS THE GDC TO ITS IDLE STATE. 
2. SYNC: SPECIFIES THE VIDEO DISPLAY FORMAT. 
3. VSYNC: SELECTS MASTER OR SLAVE VIDEO 

SYNCHRONIZATION MODE 
4. CCHAR: SPECIFIES THE CURSOR AND CHARACTER ROW 

HEIGHTS. 
DISPLAY CONTROL COMMANDS 

1. START: ENDS IDLE MODE AND UNBLANKS THE DISPLAY. 
2. BCTRL: CONTROLS THE BLANKING AND UNBLANKING OF 

THE DISPLAY. 
3. ZOOM: SPECIFIES ZOOM FACTORS FOR THE DISPLAY AND 

GRAPHICS CHARACTERS WRITING. 
4. CURS: SETS THE POSITION OF THE CURSOR IN DISPLAY 

MEMORY. 
5. PRAM: DEFINES STARTING ADDRESSES AND LENGTHS OF 

THE DISPLAY AREAS AND SPECIFIES THE EIGHT 
BYTES FOR THE GRAPHICS CHARA~ER. 

6. PITCH: SPECIFIES THE WIDTH OF THE X DIMENSION OF 
DISPLAY MEMORY. 

DRAWING CONTROL COMMANDS 
1. WDAT: WRITES DATA WORDS OR BYTES INTO DISPLAY 

MEMORY. 
2. MASK: SETS THE MASK REGISTER CONTENTS. 
3. FIGS: SPECIFIES THE PARAMETERS FOR THE DRAWING 

PROCESSOR. 
, 4. FIGD: DRAWS THE FIGURE AS SPECIFIED ABOVE. 

5. GCHRD: DRAWS THE GRAPHICS CHARACTER INTO DISPLAY 

MEMORY. DATA READ COMMANDS 
1. RDAT: READS DATA WORDS OR BYTES FROM DISPLAY 

MEMORY. 
2. CURD: READS THE CURSOR POSITION. 
3. LPRD: READS THE LIGHT PEN ADDRESS. 

DMA CONTROL COMMANDS 
1. DMAR: REQUESTS A DMA READ TRANSFER. 
2. DMAW: REQUESTS A DMA WRITE TRANSFER. 

Figure 5. GDC Command Summary 

o I 

1111 1 t t LDATAREADY 
FIFO FULL 
FifO EMPTY 

L..-----DRAWING IN PROGRESS 
DMAEXECUTE 
VERTICAL SYNC ACTIVE 

~:';"':~A;E~~~K ACTIVE 

Figure 6. Status Register (SR) 

Status Register Flags 

SR-7: Light Pen Detect: When this bit is set to 1, the 
light pen address (LAD) register contains a de­
glitched value that the system microprocessor may 
read.IThis flag is reset after the 3-byte LAD is moved 
into the FIFO in response to the light pen read 
command. 

SR-6: Horizontal Blanking Active: A 1 value for 
this flag signifies that horizontal retrace blanking is 
currently underway. 

SR-5: Vertical Sync: Vertical retrace sync occurs 
while this flag is a 1. The vertical sync flag coor­
dinates display format modifying commands to the 
blanked interval surrounding vertical sync. This 
eliminates display disturbances. 

SR-4: DMA Execute: This bit is a 1 during DMA data 
transfers. 

SR·3: Drawing in Progress: While the GDC is draw­
ing a graphics figure, this status bit is a 1. 

SR·2: FIFO Empty: This bit and the FIFO Full flag 
coordinate system microprocessor accesses with 
the GDC FIFO. When it is 1, the Empty flag ensures 
that all the commands and parameters previously 
sent to the GDC have been processed. 

SR·1: FIFO Full: A 1 at this flag indicates a full FIFO 
in the GDC. A 0 ensures that there is room for at least 
one byte. This flag needs to be checked before each 
write into the GDC. 

SR·O: Data Ready: When this flag is a 1, it indicates 
that a byte is available to be read by the system 
microprocessor. This bit must be tested before each 
read operation. It drops to a 0 while the data is trans­
ferred from the FIFO into the microprocessor inter­
face data register. 

FIFO Operation & Command Protocol 

The first-in, first-out buffer (FIFO) in the GDC 
handles the command dialogue with the system mi­
croprocessor. This flow of information uses a half­
duplex technique, in which the single 16-location 
FIFO is used for both directions of data movement, 
one direction at a time. The FIFO's direction is con­
trolled by the system microprocessor thorugh the 
GDC's command set. The microprocessor coor­
dinates these transfers by checking the appropriate 
status register bits. 

The command protocol used by the GDC requires 
the differentiation of the first byte of a command 
sequence from the succeeding bytes. This first byte 
contains the operation code and the remaining bytes 
carry parameters. Writing into the GDC causes the 
FIFO to store a flag value alongside the data byte to 
signify whether the byte was written into the com­
mand or the parameter addr,ess. The command pro­
cessor in the GDC tests this bit as it interprets the 
entries in the FIFO. ' 
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The receipt of a command byte by the command 
processor marks the end of any previous operation. 
The number of parameter bytes supplied with a com­
mandis cut short by the receipt of the next command 
byte. A read operation from the GOC to the micropro­
cessor can be terminated at any time by the next 
command. 

The FIFO changes direction under tne control of the 
system microprocessor. Commands written into the 
GDC always put th~ FIFO into write'mode if it wasn't 
in it already. If it was in read mode, any re~d data in 
the FIFO at the time of the turnaround is lost.. Com­
mands which require a GOC response, such as RDAT. 
CURD and LPRD, put the FIFO into read mode after 
the command is interpreted by the GDC's command 
processor. Any commands and parameters behind 
the read-evoking command are discarded when the 
FIFO direction is reversed. 

Read-Modlfy-Wrlte Cycle 

Data transfers between the GOC and the display 
memory are accorpplished using a read-modify-write 
(RMW) memory cycle. The four clock period timing of 
the .RMW cycle is 4sed to: 1) output the address, 2) 
read data from the memory, 3) mo~ify the data, and 4) 
write the modified data back into the initially se­
lected memory address. This type of memory cycle is. 
used for all interactions with display memory includ­
ing DMA transfers, except for the two clock period 
display and RAM refresh cyc!es. 

The operations performed during the modify portion 
of the RMW cycle merit additional explanation. The 
circuitry in the GDC uses t~ree main elements: the 
Pattern register, 'the Mask register, and the i6-bit 
Logic Unit. The Pattern register holds the data pat­
tern to be moved into memory. It is loaded by the 
WDATcommand or, during drawing, from the param­
eter RAM. The Mask r!lgister qOQtents determine 
which bits of the read data will be modified. Based on 
the contents of these registers, t~e Logic Unit per­
forms the selected operations of REPLACE, COM­
PLEMENT. SET. or CLEAR of' the data read from 
display memory. 

The Pattern register contents are ANDed with the 
Mask register contents to enable the actual modifica­
tion of the memory read data, on a bit-by-bit basis. 
For graphics drawing, one bit at a time from the 
Pattern register is coml;>ined with the Mask. When 

, ANDed with the bit set to a 1 in the Mask register, the 
proper single pixel is modified by the Logic Unit For 
the next pixel in the figure, the next bit in the Pattern 
register is selected and the Mask register bit is 

moved to identify the pixel's location within the word. 
The Execution word address pointer register, EAD, is 
also adjusted as required to address the word con­
taining the next pixel. 

In character mode, all of the bits in the Pattern regis­
ter are used in parallel to form the respective bits of 
the modify data word. Since the bits of the character 
code word are used in parallel, unlike the one-bit-at­
a-time graphics drawing process, this facility allows 
any or all of the bits in a memory word to be modified 
in one RMW memory cycle. The Mask register must 
be loaded with 1s in the positions where modification 
is to be permitted. 

The Mask register can be loaded in either of two 
ways. In graphics mode, the CURS command con­
tains a four-bit dAD field to specify the dot address. 
The command processor converts this par~meter 
into the one-of-16 format used in the Mask register 
for figure drawing. A full 16 bits can be loaded into _, 
the Mask register uSing the MASK command. In addi­
tion to the charact!lr mode use mentioned above, the 
16-bit MASK load is convenient in graphics mode 
when all of the pixels of a word are to be set to the 
same value. 

The Logic Unit combines the data read from display 
memory, the Pattern Register, and the Mask register 
to generate the data to be written bac~ into display 
memory. Anyone of four operations can be selected: 
REPLACE, COMPLEMENT. CLEAR or SET. In each 
case, if the respective Mask bit is 0, that particular bit 
of the read data is returned to memory unmodified. If 
the Mask bit is 1, the modification is enabled. With 
the REPLACE operation, the modify data simply 
takes the place of the read data for modification 
enabled bits. For the other three operations, a 0 in 
the modify data allows the read data bit to be re­
turned to memory. A 1 value causes the specified 
operation to be performed in the bit positions with 
set Mask bits. 

Figure Drawing 

The GDC draws graphics figures at the rate of one 
pixel per read-modify-write (RMW) display memory 
cycle. These cycles take four clock periods to com­
plete. At a clOCk frequency of 5 MHz, this is equal to 
SOO ns. During the RMW cycle the GDC simulta­
neously calculates the address and position of the 
next pixel tq be drawn. 

The graphics figure drawing process depends on the 
display memory addressing structure. Groups of 16 
horizontally adjacent pixels form the 16-bit words 
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which are handled by the GOC. Display memory is 
organized, as a linearly addressed space' of these 
words. Addressing of individual pixels is handled' by 
the GDC's internal RMW logic. 

During the drawing process, the GDC finds the next 
pixel of the figure which is one of the eight nearest 
neighbors of the last pixel drawn. The GDC 'assigns 
each of these eight directions a nLlmber from 0 to 7, 
starting with straight down and proceeding 
counterclockwise. 

Figure 7. Drawing Directions 

Figure drawing requires the proper manipulation of 
the address and the pixel bit position according to 
the drawing direction to determine the next pixel of 
the figure. To move to the word above or below the 
current one, it is necessary to subtract or add the 
number of words per line in display memory. This 
parameter is called the pitch. To move to the word to 
either side, the Execute word address cursor, EAD, 
must be incremented or decremented as the dot ad­
dress pointer bit reaches the LSB or the MSB of the 
Mask register. To move to a pixel within the same 
word, it is necessary to rotate the dot address pointer 
register to the right or left. 

Figure' 8 summarizes these operations for each 
direction. 

Whole word drawing is useful for filling areas in 
memory with a single value. By setting the Mask 
register to all 1s with the MASK command, both the 
LSB and MSB of the dAD will always be 1, so that the 
EAD value will be incremented or decremented for 
each cycle regardless of direction. One RMW cycle 
will be able to effect all 16 bits of the word for any 
drawing type. One bit in the Pattern register is used 
per RMW cycle to-write all the bits of the word to 
the same value. The next Pattern bit is used for the 
word"etc. 

-~-----------------------
DIR ADDRESS OPERATION 

----------------- ----------- --
ODD CAD ~ CAD + P 

001 CAD ~ CAD + P 
IF dAD (LSI) ~ 1 THEN CAD ~ CAD + 1 
dAD ~ RR( dAD) 

010 IF dAD (LSI) ~ 1 THEN CAD ~ CAD +1 
dAD ~ RR( dAD) 

------~----~-~------------- ---
011 'CAD ~ CAD - P 

IF dAD (LSI) 'F 1 THEN CAD ~ CAD,+l 
____ d_AD, ~ RR(:_d_AD_)'--~ ____________ ' 

100 CAD ~ CAD - P 

101 CAD ~ CAD - P 
IF dAD (MSI) ~ 1 THEN CAD ~ CAD - 1 
dAD ~ LR( dAD) , 

-~-----~~-----.--------- - --
110 IF dAD (MSI) ~ 1 THEN CAD ~ CAD - 1 

____ -"~_~_L_R_( ~AD ) ______________ _ 

111 CAD ~ CAD + P 
IF dAD (MSB) ~ 1 THEN CAD ~ CAD - 1 
dAD ~ LR( dAD) 

---------~------------

WHERE 
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~ PITCH, LR ~ LEFT ROTATE, RR ~ RIGHT ROTATE 
CAD~CURSOR ADDRESS 
dAD~ DOT ADDRESS 
LSI~LEAST SIGNIFICANT lIT 
MSI~MOST SIGNIFICANT lIT 

Figure 8. Address Calculation Details 
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For the various figures"the effect,of the initial direc­
tion upon the resulting drawing is shown below: 

Note that during line drawing, the angle of the line 
may be anywhere within the shaded octant defined 
by the DIR value. Arc drawing starts in the direction 
initially specified by the DIR value and veers into an 

DIR LINE ARC CHARACTER 

000 ~ ~~/~ • 
~ ~ ~ 001 J / . y ... ,,/ 
,41$; to, 

~ 010 
I , 

U 

011 V C~~ ~ 
100 ~ ~/~~ rmnn 

~ /" ~ 101 / I 

~ 

110 7fT n ~ ' I ~ '~ 

111 A ~'~J ~ 

arc as drawing proceeds. An arc may be up to 45 
degrees in length. DMA transfers are done on word 
boundaries only, and follow the arrows indicated in 
the table to find successive word addresses. The 
slanted paths for DMA transfers indicate the GDC 
changing boh the X and Y components of the word 
address when moving to the next word. It does not 
follow a 45 degree diagonal path by pixels. 

SLANT CHAR RECTANGLE DMA , D t ' , \~ i 

~ 0 ~ 
ff 0 Z 

<> ~ , D f\.~ 

~ <> ~ 
ff D ~ 

~ 
~ ,<> -# 

Figure 9. Effect of the Direction Parameter 
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Drawinq Parameters 

In preparation for graphics figure drawing, the GDC's 
Drawing Processor needs the figure type, direction 
and drawing parameters, the starting pixel address, 
and the pattern from the microprocessor. Once these 
are in place within the GDC, the Figure Draw com" 
mand, FIGO, initiates the drawing operation. From 
that pOint on, the system microprocessor is not in­
volved in the drawing process. The GDC Drawing 
Processor coordinates the RMW circuitry and ad­
dress registers to draw the specified figure pixel by 
pixel. 

The algorithms used by the processor for figure 
drawing are designed to optimize its drawing speed. 
To this end, the specific details about the figure to be 
drawn are reduced by the microprocessor to a form 
conducive to high-speed address calculations within 
the GOC. In this way the repetitive, pixel-by-pixel 
calculations can be done quickly, thereby minimizing 
the overall figure drawing time. Figure 10 sum­
marizes the parameters. 

Graphics Character Drawing 

Graphics characters can be drawn into display 
memory pixel-by-pixel. The up to 8-by-8 character is 
loaded into the GDC's parameter RAM by the system 
microprocessor. Consequently, there are no 
limitations on the character set used. By varying the 
drawing parameters and drawing direction, 
numerous drawing options are available. In area fill 
applications, a character can be written into display 
memory as many times as desired without reloading 
the parameter RAM. 

Once the parameter RAM has been loaded with up to 
eight graphics character bytes by" the appropriate 
PRAM command, the GCHRD command can be used 
to draw the bytes into display memory starting at the 
cursor. The zoom magnification factor for writing, 
set by the zoom command, controls the size of the 
character written into the display memory in integer 
multiples of 1 through 16. The bit values in the PRAM 
are repeated horizontally and vertically the number 
of times specified by the zoom factor. 

The movement of these PRAM bytes to the display 
memory is controlled by the parameters of the FIGS 
command. Based on the specified height and width 
of the area to be drawn, the parameter RAM is 
scanned to fill the required area. 

For an 8·by-8 graphics character, the first pixel drawn 
uses the LSB of RA-15, the second pixel uses bit 1, of 
RA-15, and so on, until the MSB of RA-15 is reached. 

The GDC jumps to the corresponding bit in RA-14 to 
continue the drawing. The progression then advan­
ces toward the LSB of RA-14. This snaking sequE!nce 
is continued for the other 6 PRAM bytes. This pro­
gression matches the sequence of display memory 
addresses calculated by the drawing processor. If the 
area is narrower than 8 pixels wide, the snaking will 
advance to the next PRAM byte before the MSB is 
reached. If the area is less than 8 lines high, fewer 
bytes in the parameter RAM will be scanned. If the 
area is larger than 8 by 8, the GDC will repeat the 
eon tents of the parameter RAM in two dimensions, 
as required to' fill the area with the 8-by-8 mosaic. 
(Fractions of the 8-by-8 pattern will be ,used to fill 
areas which are not multiples of 8 by 8.) 

DRAWING TYPE DC D D2 D1 DM 

INITiAL VALUE' -1 -1 

LINE 1611 21 6D I-1 61 1 2(IADI-IAII) 21ADI 

ARC" , .'n<pt ,-1 2(,-1) -1 rain 9J 

RECTANGLE A-1 B-1 -1 A 1 

AREA FILL B-1 A A 

GRAPHIC 
CHARACTER'" B~1 A A 

READ & 
WRITE DATA W-1 

DMAW D-1 C-1 

DMAR D-1 C-1 (C-1)/2" 

'INITIAL VALUES FOR THE VARIOUS PARAMETERS ARE LOADED 
DURING THE HANDLING OF THE FIGS OP CODE BYTE. 

"CIRCLES ARE D~WNWITH 8 ARCS, EACH OF WHICH SPAN 45', SO 

". ~~~Tp~:~ tHA~AM~~ :~~ 9A ~S~ECIAL CASE OF BIT-MAP AREA 
FILLING IN WHICH B AND A " 8. IF A ~ 8 THERE IS NO NEED TO 
LOAD D AND D2. 

WHERE: 

A~L~N~~B~~~~~:~~EOWN IN BASE 10 FOR CONVENIENCE. THE GDC 
ACCEPTS BASE 2 NUMBERS (2S COMPLEMENT NOTATION WHERE 
APPROPRIATE). 

- ~ NO PARAMETER BYTES SENT TO GDC FOR THIS PARAMETER. 
61 ~ THE LARGER OF AX OR A Y. (DEPENDENT AXIS) 

AD ~ THE SMALLER OF AX OR AY. (INDEPENDENT AXIS) 

J :: ~~g~t tJ'o~U:~~~RRh\~ ~g~~~ AT THE ARC. <p " 45°. , 
9 ~ ANGLE FROM MAJOR AXIS TO START AT THE ARC. 9 " 45 . 
! ~ ROUND UP TO THE NEXT HIGHER INTEGER. 

l : :~~~~:g:r~'~~L1~~ ~~~~~I~fA'iN~~~~~~ED DIRECTION. 
B ~ NUMBER OF PIXELS IN THE DIRECTION AT RIGHT ANGLES TO 

THE INITIALLY SPECIFIED DIRECTION. 

~ : :~::~= g~ ~~:f: J8 :: ~~.f~~~~~RED IN THE INITIALLY 
SPECIFIED DIRECTION. (TWO BYTES PER WORD IF WORD 

D = ~~1..NB\"i~r~g=J~ ~~Lii~~~~SSED IN THE DIRECTION AT 

DC = ~\llW,~~'2:'t3N1°pI~~~~J~1.L~H~c\'~T~'d~~ ~~~W~~:'THE 
DM ~ ~g~s"~~~:E~MF~cf~CJ-i:vlt~:M~~Cc\'l~~ DRAWING. 

" ~ NEEDED ONLY FOR WORD READS. 

Figure 10: Drawing Parameter Details 
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Parameter RAM Contents RAM Address 
RA Oto 15 

The parameters stored in the parameter RAM, 
PRAM are available for the GDC to refer to 
repeat~dlY during figure drawing and raster­
scanning. In each mode of operation the values in the 
PRAM are interpreted by the GDC in a predeter­
mined fashion. The host microprocessor must load 
the appropriate parameters into the proper PRAM 
locations. PRAM loading command allows the host 
to write into any location of the PRAM and transfer as 
many bytes as desired. In this way any stored param­
eter byte or bytes may be changed without influenc­
ing the other bytes. 

The PRAM stores two types of information. For 
specifying the details of the display area partitions, 
blocks of four bytes are used. The four parameters 
stored in 'eaCh block include the starting address in 

display memory of each display area, and its length. 
In addition, there are two mode bits for each area 
which specify whether the area is a bit-mapped 
graphics area or a coded character area, and 
whether a 16-bit or a 32-bit wide display cycle 'is to be 
used for that area. 

The other use for the PRAM contents is to supply the 
pattern for figure drawing when in a bit-mapped 
graphics area or mode. In these situations, PRAM 
bytes 8 through 16 are reserved for this patterning 
information. For line, arc, and rectangle drawing 
(linear figures) locations 8 and 9 are loaded into the 
Pattern Register to allow the GDe to draw dotted, 
dashed, etc. lines. For area filling and graphics bit­
mapped character drawing locations 8 through 15 
are referenced for the pattern or character to be 
drawn. 

Details of the bit assignments are shown on the fol­
lowing pages for the various modes of operation. 
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RA-°

1

S_, ____ SA_ID1_
l ---~ 

. I '\ DISPLAY PARTITION AREA 1 STARTING 
o I SAD1 H L ADDRESS WITH LOW AND HIGH 

~~ __ ~ __ ~. __ ~ __ ~I ___ I~~ __ ~ ~~~~~~~~~CEFIELDS(WORD 

3 

RA-4 

RA-B 

10 

11 

RA·12 

13 

14 

15 

LENGTH OF DISPLAY PARTITION 1 
(LINE COUNT) WITH LOW AND HIGH 
SIGNIFICANCE FIELDS. 

THE IMAGE BIT AFFECTS THE 
OPERATION OF THE DISPLAY ADDRESS 
COUNTER IN CHARACTER MODE. IF 

'--------------- ~~LI~~E~~~~ ~~RgN~T AFTER 
EACH READ CYCLE. IF THE IMAGE 
BIT IS SET, IT WILL INCREMENT 
BY ONE AFTER EVERY TWO 
READ CYCLES. 

A WIDE DiSPLAY CYCLE WIDTH 
OF TWO WORDS PER MEMORY CYCLE 
IS SELECTED FOR THIS DISPLAY 

'----------------- ~~~~I~pI~~ :ci~~~~n6~,:T~R IS 

SAD2l 

o 

SAD3l 

1M LEN4H 

c(Figure 11. 

o 

0 

THEN INCREMENTED BY 2 FOR EACH 
DISPLAY SCAN CYCLE. OTHER MEMORY 
CYCLE TYPES ARE NOT INFLUENCED. 

DISPLAY PARTITION 2 STARTING 
-- ADDRESS AND LENGTH 

DISPLAY PARTITION 3 STARTING 
ADDRESS AND LENGTH 

DISPLAY PARTITION 4 STARTING 
ADDESS AND LENGTH 

Character Mode 
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RA-O SAD1 L 
I 

I SAD1 M 

I 

I LEN1L 

I 

1-,,1 \ LEN1H 
I 

RA-4 SAD2L 

SAD2H 

RA·10 

11 

12 

13 

14 

15 

82720 

1-
I 

SAD1H I I 

I-

GCHR6 

GCHR 5 

GCHR 4 

GCHR 3 

GCHR2 

DISPLAY PARTITION AREA 1 
STARTING ADDRESS WITH LO\\\ 
MIDDLE, AND HIGH SIGNIFICANCE 
FIELDS (WORD ADDRESS~ 

LENGTH OF DISPLAY PARTITION 
AREA 1 WITH LOW AND HIGH 
SIGNIFICANCE fiELDS (LINE COUNT) 

IN MIXED MODE, A 1 INDICATES AN 
IMAGE OR GRAPHICS AREA, AND A 0 
INDICATES A CHARACTER AREA, IN 
GRAPHICS MODE THIS BIT MUST BE O. 
THE IMAGE BIT AFFECTS THE 
OPERATION OF THE DISPLAY ADDRESS 
COUNTER IN BOTH CHARACTER 
AND GRAPHIC MODES. IF THE 
IMAGE BIT IS ZERO, IT WILL 
INtBREMENT BY ONE AFTER EACH 
R AD CYCLE. IF THE IMAGE BIT 
IS SET, IT WILL INCREMENT BY 
ONE AFTER EVERY TWO READ CYCLES. 

DISPLAY PARTITION AREA 2 STARTING 
ADDRESS AND LENGTH WITH IMAGE 
IDENTIFY BIT AS IN AREA 1. 

} 

PATTERN OF 16 BITS USED FOR 
FIGURE DRAWING TO PERFORM 
DOTTED, DASHED, ETC. LINES 

GRAPHICS CHARACTER BYTES 
TO BE MOVED INTO DISPLAY 
MEMORY WITH GRAPHICS 
CHARACTER DRAWING 

Figure 12. Graphics and Mixed Graphics and Character Modes 
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RESET: 0 1 0 o I 0 o I o I o I 0 WDAT: 0 1 I TYPE 

SYNC: 0 0 0 0 11 I 1 1 1 DE MASK: 
I 

VSYNC: 0 1 0 I 1· 1 1 1 M FIGS: 0 0 
I 

CCHAR: 0 0 0 FIGD: 0 0 
I 

START: 0 0 GCHRD: 0 
I 

BCTRL: 0 0 I DE 

, 
I 

RDAT: 6 I TYPE 
I 

ZOOM: 0 o I 1 0 CURD: 0 I 0 I 

CURS: 0 1 0 0 0 LPRD: 0 I 0 

PRAM: o I 1 SA DMAR: 1 I TYPE 
I I 

PITCH: 0 0 0 0 DMAW: TYPE 
I 

Figure 13. Command Bytes Summary 

VIDEO CONTROL COMMANDS 

RESET: I o. 0 0 0 0 0 0 0 I 
" ! ! ! ) , ! 

BLANK THE DISPLAY, ENTER IDLE MODE, 
AND INITIALIZE WITHIN THE GDC: 
-FIFO 
-COMMAND PROCESSOR 
-INTERNAL COUNTERS 

Figure 14. Reset Command 

I 0 I MOD 
I 

0 

0 

0 0 

0 0 0 

1 0 1 MOD 
I 

0 0 

0 0 0 

11 I MOD 
I 

11 1 MOD 
I 

RESET COMMAND 
This command can be executed at any time and does 
not modify any of the parameters already loaded into 
the GDC. 

If followed by parameter bytes, this command also 
sets the sync generator parameters as described 
below. Idle mode is exited with the STARTcommand. 
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P1 0 oici FIIIDIGIS 
I-- MODE OF OPERATION SELECT BITS. 

SEE BELOW 

P2 AW __ ACTIVE DISPLAY WORDS PER LINE --2. MUST 
BE EVEN NUMBER WITH BIT 0 ~ O. 

P3 VSL I HS 

\ \ HORIZONTAL SYNC WIDTH-1 
VERTICAL SYNC WIDTH, LOW BITS 

P4 I HFP I V~H I--- VERTICAL SYNC WIDTH, HIGH BITS 
I I I I I 

1\ HORIZONTAL FRONT PORCH WIDTH -1. 

P5 0 01 HBP ___ HORIZONTAL BACK PORCH WIDTH -1. 

P6 0 01 VFP ___ VERTICAL FRONT PORCH WIDTH 

P7 ALL ___ ACTIVE DISPLAY LINES PER VIDEO FIELD, 
LOW BITS 

P8 I VBP I AL I--- ACTIVE DISPLAY LINES PER VIDEO FIELD, 
I I \ I I I H HIGH BITS 

VERTICAL BACK PORCH WIDTH 

Figure 15. Optional Reset Parameters 

In graphics mode, a word is a group of 16 pixels. In 
character mode, a word is one character code and its 
attributes, if any. 

The number of active words per line must be an even 
number from 2 to 256. 

An all-zero parameter value selects a count equal to 
2n where n = number of bits in the parameter field for 
vertical parameters. 

All horizontal widths are counted in display words. 
All vertical intervals are counted in lines. 

SYNC Generator Period Constraints 

HORIZONTAL BACK PORCH CONSTRAINTS 
1. In general: 

HBP :;" 3 Display Word Cycles (6 clock cycles). 
2. If the IMAGE or WD modes change within one 

video field: 
HBP :;" 5 Display Word Cycles (10 clock 

cycles). 

HORIZONTAL FRONT PORCH CONSTRAINTS 
1. If the display ZOOM function is used at other than 

1X: 
HFP :;" 2 Display Word Cycles (4 clock cycles). 

2. If the GDC is used in the video sync Slave mode: 
HFP :;" 4 Display Word Cycles (8 clock cycles). 

3. If the Light Pen is used: 
HFP :;" 6 Display Word Cycles (12 clock 

cycles). 

HORIZONTAL SYNC CONSTRAINTS 
1. If Interlaced display mode is used: 

HS :;" 3 Display Word Cycles (6 clock cycles). 

Repeat Field Framing: 2 Field Sequence with 112 
line offset between other­
wise identical fields. 

Interlaced Framing: 2 Fie.ld Sequence with 112 
line offset. Each field dis-
plays alternate lines. 

Noninterlaced Framing: 1 field brings all of the in­
formation to the screen. 

Total scanned lines in interlace mode is odd. The 
sum of VFP + VS+ VBP + AL should equal one less 
than the desired odd number of lines. 

Dynamic RAM refresh is important when high display 
zoom factors or DMA are used in such a way that not 
all of the rows in the RAMs are regularly accessed 
during display raster generation and for otherwise 
inactive display memory. 

Access to display memory can be limited to retrace 
blanking intervals only, so that no disruptions of the 
image are seen on the screen. 
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CG DISPLAY MODE 

0 0 MIXED GRAPHICS & CHARACTER 

0 1 GRAPHICS MODE 

1 0 CHARACTER MODE 

1 1 INVALID 

I S VIDEO FRAMING 

o 0 NON INTERLACED 

o 1 INVALID 

1 0 INTERLACED REPEAT FIELD 
FOR CHARACTER DISPLAYS 

1 1 INTERLACED 

D DYNAMIC RAM REFRESH CYCLES ENABLE 

0 NO REFRESH-STATIC RAM 

1 REFRESH-DYNAMIC RAM 

F DRAWING TIME WINDOW 

0 DRAWING DURING ACTIVE DISPLAY TIME 
AND RETRACE BLANKING 

1 DRAWING ONLY DURING RETRACE BLANKING 

Figure 16. Modes of Operation Bits 

SYNC: 101 0 I 0 1 0 I 1 l' I 1 IDL 

THE DISPLAY IS ENABLED BY 
A 1, AND BLANKED BY A O. 

Pl 
~~-L-L~~~L4 

~J:.~~~~I~~~:~I~~Lbw 
ACTIVE DISPLAY WORDS 

P3 
L....J...r-J......L.-l.....Y.:...J 

PER LINE. MUST BE EVEN NUMBER 
WITH BIT 0 = O. 

VSH J.-- VERTICAL SYNC WIDTH, 
'-'-'-~..I--'--'--'-! ..J. HIGH BITS 

'------- HDRIZONTAl FRONT 
. PORCH WIDTH 

HORIZONTAL BACK PORCH WIDTH 

VERTICAL FRONT PORCH WIDTH 
ACTIVE DISPLAY LINES PER VIDEO FIELD, 
lOW BITS 

Figure 17. SYNC Format Specify Command 
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SYNC FORMAT SPECIFY COMMAND 

This command loads parameters into the sync 
generator. The various parameter fields and bits are 
identical to those at the RESET command. The GOC 
is not reset nor does it enter idle mode. 

Vertical Sync Mode Command 

When using two or more GOCs to contribute to one 
image, one GOC is defined as the master sync 
generator, and the others operate as its slaves. The 
VSYNC pins of all GOCs are connected together. 

Slave Mode Operation 

A few considerations should be observed when 
synchronizing two or more GOCs to generate over­
layed video via the VSYNC INPUT/OUTPUT pin. As 
mentioned above, the Horizontal Front Porch (HFP) 

must be 4 or more display cycles wide. This is equiva­
lent to eight or more clock cycles. This gives the slave 
GOCs time to initialize their internal video sync 
generators to the proper point in the video field to 
match the incoming vertical sync pulse (VSYNC). 
This resetting of the generator occurs just after the 
end of the incoming VSYNC pulse, during the HFP 
interval. Enough time during HFP is required to allow 
the slave GOC to complete the operation before the 
start of the HSYNC interval. 

Once the GOCs are initialized and set up as Master 
and Slaves, they must be given time to synchronize. It 
is a good idea to watch the VSYNC status bit of the 
Master GOC and wait until after one or more VSYNC 
pulses have been generated before the display pro­
cess is started. The START command will begin the 
active display of data and will end the video 
synchronization process, so be sure there has been 
at least one VSYNC pulse generated for the Slaves to 
synchronize to. 

VSYNC: I 0 , 1 , 1 , 0 , 1 , 1 , 1 I M I O-ACCEPT EXTERNAL VERTICAL 
L- SYNC-SLAVE MODE 

. l-GENERATE & OUTPUT VERTICAL 
SYNC-MASTER MODE 

Figure 18. Vertical Sync Mode Command 

CCHAR: I 0 ! 1 ! 0 ! 0 ! 1 , 0 ! 1 I 1 I 

Figure 19. Cursor & Character Characteristics Command 
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Cursor and Character Characteristics 
Command 

In graphjcs mode, LR should be set to O. The blink 
rate parameter controls both the cursor and attribute 
blink rates. The cursor blink-on-time = blink-off time 
= 2 x BR (video frames)., The attribute blink rate is 
always V2 the cursor rate but with a 3fiI on-Y4 off duty 
cycle. 

Zoom Factors Specify Command 

Zoom magnification factors of 1 through 16 are avail­
able using codes 0 through 15, respectively. 

Cursor Position Specify Command 

In character mode, the third parameter byte is not 
needed. The cursor is displayed for the word time in 
which the display scan address (DAD) equals the 
cursor address. In graphics mode, the cursor word 
address specifies the word containing the starting 
pixel of the drawing; the dot address value specifies 
the pixel within that word. 

START DISPLAY & END IDLE MODE 

START: I 0 1 1 0 1 0 1 1 I 
. .! ! II! , J • 

DISPLAY BLANKING CONTROL 

BCTRL: I 0 I 0 I 0 I 0 I 1 I 1 , 0 IDL 

ZOOM FACTORS SPECIFY 

ZOOM: I 0 ! 1 ! 0 , 0 ! 0 , 1 , 1 t 0 I 

Parameter RAM Load Command 

From the starting address, SA, any number of bytes 
may be loaded into the parameter RAM at increment­
ing addresses, up to location 15. The sequence of 
parameter bytes is terminated by the next command 
byte entered into the FIFO. The parameter RAM' 
stores 16 bytes of information in predefined loca­
tions which differ for graphics and character modes. 
See the parameter RAM discussion for bit 
assignments. 

Pitch Specification Command 

This value is used during drawing by the drawing 
processor to find the word directly above or below 
the current word, and during display to find the start 
of the next line. 

The Pitch parameter (width of display memory) is set 
by two different commands. In addition to the PITCH 
command, the RESET (or SYNC) command also sets 
the pitch value. The "active words per line" param­
eter, which specifies the width of the raster-scan dis­
play, also sets 'the Pitch of the display memory. In 
situations in which these two values are equal there 
is no need to execute a PITCH command. 

THE DISPLAY IS ENABLED 
BY A 1, AND BLANKED BY 
A O. 

I- ~~~~fc~~~o~:~rN~~iN'tJ~~ 
DISPLAY ZOOM FACTOR MINUS 1 

CURSOR POSITION SPECIFY 

CURS: o! 1 ! 0 ! 0 , 1 ! 0 , 0 ! 1 I 

EAD L EXECUTE WORD ADDRESS, LOW BYTE 

~~I ;;:;' :::=' ~r--
EAD L EXECUTE WORD ADDRESS, MIDDLE BYTE 

:::::::::~' =1 ~r--
diD I I 0 I 0 I E~D\ .. - (GRAPHICS MODE ONLY) 

T ~ WORD ADDRESS, TOP BITS 
L--_______ DOT ADDRESS WITHIN THE WORD 

Pl 

P2 

P3 

Figure 20. Display Control Commands 
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PRAM: 1 0 I 1 I 1 I 1 I SA 

f '-. ---STARTING ADDRESS IN 
PARAMETER RAM 

P, I" 1-1 TO 16 BYTES TO BE LOADED 
1... =======~. INTO THE PARAMETER RAM r- STARTING AT THE RAM ADDRESS 

Pn 1 SPECIFIED BY SA 

Figure 21. Parameter RAM Load 

PITCH:lo,1 ,0,0, 0,1,1,11 

P1 1 I I I r 1 I I I-NUMBER OF WORD ADDRESSES 
IN DISPLAY MEMORY IN THE 
HORIZONTAL DIRECTION 

Figure 22. Pitch Specification 

WRITE DATA INTO DISPLAY MEMORY 

WDAT: I 0 0 1 I TYPE I 0 I MOD I 

Write Data Command 

o 
o 
1 
1 

t<--___ RMW MEMORY CYCLE LOGICAL 
OPERATION: 

_ REPLACE WITH PATTERN 
_ COMPLEMENT 
- RESET TO ZERO 
_SETT01 

L-_______ DATA TRANSFER TYPE 

o 0 :::::=====WORD, LOW THEN HIGH BYTE 
1 0 _ LOW BYTE OF THE WORD 
1 1" HIGH BYTE OF THE WORD 
o 1 • INVALID 

P11 WORDL OR BYTE "II-o_...-.--WORD LOW DATA BYTE OR 
............ .1......1.1_.1.1 _.1.1 _1..1 .............. SINGLE BYTE DATA VALUE 

P21 ... .....&_.&... ...... _WO ..... R_D ... " ........... .....&_ .... 1_ WORD TRANSFER ONLY: • 1 1 • HIGH DATA BYTE 

Figure 23. Drawing Control Commands 

Upon receiving a set of parameters (two bytes for a 
word transfer, one for a byte transfer). one RMW 
cycle into Video Memory is done at the address 
pointed to by the cursor EAD. The EAD pOinter is 
advanced to the next word. according to the previ­
ously specified direction. More parameters can then 
be accepted. 

In graphics bit-map situations. only the LSB of the 
WDAT parameter bytes is used as the pattern in the 
RI\IIW operations. Therefore it is possible to have only 
an all ones or all zeros pattern. In coded character 
applications all the bits of the WDAT parameters are 
used to establish the drawing pattern. 

The WDAT command operates differently from the 
other commands which initiate RMW cycle activity. It 
requires parameters to set up the Pattern register 
while the other commands use the stored values in 
the parameter RAM. Like all of these commands, the 

For byte writes. the unspecified byte is treated as all 
zeros during the RMW memory cycle, 
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Figure 24. Mask Register Load 

FIGS: I 0 1 0 0 1 
I I I I I 

p11SLIRIA 

I I 1 

I GC I L I 

t t 

:10~~ ; D:LD~H ; ; 

::10;01 : :L ~H : : 

P61 D2L 

P7 :0;0': : D~H: ; 

:10;0 i ; D:~jH ; ; 

P1°1 p<o;oi ; D:LD~H: : 

1 0 
I 

DIR 
I 

82720 

'0 I 

I 

I 

WDAT command must be preceeded by a FIGS com~ 
mand and its parameters. Only the first three param­
eters need be given following the FIGS opcode, to set 
up the type of drawing, the DIR direction, and the DC 
value. The DC parameter +1 will be the number of 
RMW cycles done by the GDC with the first set of 
WDAT parameters. Additional sets of WDAT param­
eters will see a DC value of 0 which will cause only 
one RMW cycle to be executed. 

1-DRAWING DIRECTION BASE 

FIGURE TYPE SELECT BITS: 
LINE (VECTOR) 
GRAPHICS CHARACTER 
ARC/CIRCLE 
RECTANGLE 
SLANTED GRAPHICS CHARACTER t DC DRAWING PARAMETER 

GRAPHICS DRAWING FLAG FOR USE IN 
MIXED GRAPHICS AND CHARACTER MODE 

~ 0 DRAWING PARAMETER 

~ 02 DRAWING PARAMETER 

'~ 01 DRAWING PARAMETER 

~DM DRAWING PARAMETER 

THE PARAMETERS TAKE ON DIFFERENT 
INTERPRETATIONS FOR DIFFERENT FIGURE TYPES 

VALID FIGURE TYPE SELECT COMBINATIONS 

ID. R A ,Gk 1" OPERATION 

0 0 0 0 0 CHARACTER DISPLAY MODE 
DRAWING, INDIVIDUAL DOT 
DRAWING, DMA, WDAT, AND 
RDAT 

0 0 0 0 1 STRAIGHT LINE DRAWING 

~""-~ l COMBINATIONS 0 0 0 1 0 GRAPHICS CHARACTER ASSURE 
DRAWING AND AREA FILLING CORRECT DRAWING 
WITH GRAPHICS CHARACTER OPERATION 
PATTERN 

0 0 1 0 0 ARC AND CIRCLE DRAWING 

0 1 0 0 0 RECTANGLE DRAWING 

1 0 0 1 0 SLANTED GRAPHICS 
CHARACTER DRAWING AND 
SLANTED AREA FILLING 

Figure 25. Figure Drawing Parameters Specify 
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I 

FIGD: I 0 ! 1 ! 1 ! 0 ! 1 ! 1 , 0 ! 0 I 

Figure 26. Figure Draw Start 

Figure 27. Graphics Character Draw 
and Area Filling Start 

Mask Register Load Command 

This command sets the value of the 16-bit Mask reg­
ister of the figure drawing processor. The Mask regis­
ter controls which bits can be modified in the display 
memory during a read-modify-write cycle. 

The Mask register is loaded both by the MASK com­
mand and the third parameter byte of the CURS 
command. The MASK command accepts two param­
eter bytes to load a 16-bit value into the MASK 
register. All 16 bits can be individually one or zero, 
under program control. The CURS command on the 
other hand, puts a "1 to 16" pattern into the Mask 
register based on the value of the Dot Address value, 
dAD. If normal single-pixel-at-a-time graphics figure 
drawing is desired, there is no need to do a MASK 
command at all since the CURS command will set up 
the proper pattern to address the proper pixels as 
drawing progresses. For coded character DMA, and 
screen setting and clearing operations using the 
WDAT command, the MASK command should be 
used after the CURS command if its,third parameter 
byte has been output. 

Figure Draw Start Command , 

On execution of this instruction, the GDC loads the 
parameters from the parameter RAM into the draw­
ing processor and starts the drawing process at the 

pixel pointed to by the cursor, EAD, and the dot 
address, dAD. 

Graphics Char. Draw and Area Fill Start 
Command 

Based on parameters loaded with the FIGS com­
mand, this command initiates the drawing of the 
graphics character or area filling pattern stored in 
Parameter ,RAM. Drawing begins at the address in 
display memory pointed to by the EAD and dAD 

. values. 

Read Data Command 

Using the DIR and DC parameters of the FIGS com­
mand to establish direction and transfer count, 
multiple RMW cycles can be executed without 
specification of the cursor address after the initial 
load (DC = number of words or bytes). 

As this instruction begins to execute, the FIFO buffer 
direction is reversed so that the data read from dis­
play memory can pass to the microprocessor. Any 
commands or parameters in the FIFO at this time will 
be lost. A command byte sent to the GD,C will imme­
diately reverse the buffer direction back to write 
mode, and all RDAT information not yet read from the 
FIFO will be lost. MOD should be set to 00. 

Cursor Address Read Command 

The Execute Address, EAD, points to the display 
memory word containing the pixel to be addressed. 

The Dot Address, dAD, within the word is repre­
sented as a 1-of-16 code for graphics drawing 
operations. 

Light Pen Address Read Command 

The light pen address, LAD, corresponds to the dis- ' 
play word address, DAD, at which the light pen input 
signal is detected and deglitched. 

RDAT: 11 I 0 I 1 I TYpE I 0 I M?D I 
L DATA TRANSFER TYPE 

• 0 0 __ WORD, LOW THEN HIGH BYTE 
1 0 __ LOW BYTE OF THE WORD ONLY 
1 1 __ HIGH BYTE OF THE WORD ONLY 
o 1 -- INVALID 

Figure 28. Read Data from Display Memory 
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CURD: 11 I 1 , 1 ,0 ,0 I 0 I 0 ! 0 I 
THE FOLLOWING BYTES ARE RETURNED BY THE GDe: LPRD:l1 , 1 , 0 , 0 ,0 , 0, 0 ,0 I 
P1~A7 EADL Aol_ EXECUTE ADDRESS (EAD~ LOW BYTE THE FOLLOWING BYTES ARE RETURNED BY THE ODC: 

P2..jA1S A8 EXECUTE ADDRESS (EAD), MIDDLE BYTE 

EXECUTE ADDRESS (EAD~ HIGH BITS 

IA71 ' ,LA,DL, ,AO 1_ UOHT PEN ADDRESS, LOW BYTE 

P3 I 0 0 0 0 0 0 I £AD. IA1f I L~M, IA.!-- LIGHT PEN ADDRESS. MIDDLE BYTE 

P49 dADL Ii=: DOT ADDRESS (dAD), LOW BYTE 

PS : : : dAP. : : : DDT ADDRESS (dAD), HIGH BYTE 

10, 0,0 I 0,0,0 I LAp. I-UGHT PEN ADDRESS, HIGH BITS 

Figure 29. Cursor Address Read Figure 30. Light Pen Address Read 

DMA READ REQUEST 

DMAR: l' 0 1 ITYPEI 1 1 MOD I 

.-LI------ DATA TRANSFER TYPE: 

o O ... t----- WORD, LOW THEN HIGH BYTE 

o .... t----- LOW BYTE OF THE WORD 

1 .... t----- HIGH BYTE OF THE WORD 

o 1 ... I------INVALID 

DMA WRITE REQUEST 

-,I"" 'I",~I'!-
RMW MEMORY LOGICAL OPERATION: 

0_ REPLACE WITH PATTERN 

1_ COMPLEMENT 

0_ RESET TO ZERO 

1_SET TO ONE 

1-+----- DATA TRANSFER TYPE: 

o 0 .. 00--'---- WORD, LOW THEN HIGH BYTE 

0 .. 00----- LOW BYTE OF THE WORD 

1 .. 00----- HIGH BYTE OF THE WORD 

o , ... o-----INVALID 

Figure 31. DMA Control Commands 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias .......... (J'C to 7(J'C 
Storage Temperature .................. - 65°C to 15(J'C 
Voltage on any Pin with Respect 

to Ground ............................ - 0.5V to + 7V 
Power Dissipation ............................ 1.5 Watt 

DC CHARACTERISTICS 
TA = (J'C to 7(J' C; Vee = 5V ± 10%; GND =OV 

Symbol Parameter 
Min. 

Vil Input low Voltage -0.5 

VIH Input High Voltage 2.0 

VOL Output low Voltage 

VOH Output High Voltage 2.4 

IOZ Output Leakage Cu rrent 

III Input Leakage Current 

VCl Clock Input Low Voltage -0.5 

VCH Clock Input High Voltage 3.9 

Icc Vee Supply Current 

CAPACITANCE 
TA = 25°C; Vee = GND = OV 

Symbol Parameter 
Min. 

CIN Input Capacitance 

CIO I/O Capacitance 

COUT Output Capacitance 

Co Clock Input Capacitance 

'COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described in 
the operational sections of this specification. Exposure to 
absolute maximum rating conditions for extended peri­
ods may affect device reliability. 

Limits 
Unit Conditions 

Max. 

0.8 V 

Vee + 0.5 V 

0.45 V IOL = 2.2 mA 

V IOH = -400 /LA 

±10 /LA VsS+0.45,,;;VI ,,;; 
Vee 

±10 /LA VSS ,,;;VI ,,;;Vce 

0.6 V 

Vee + 1.0 V 

270 mA Typical = 150 mA 

Limits 
Unit Conditions 

Max. 

10 pF 

20 pF fc = 1 MHz 

20 pF V1 

20 pF (Unmeasured}=OV 
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A.C. CHARACTERISTICS (TA = rfC to +7rfC. vss = OV. vcc = +5V ±10%) 

DATA BUS READ CYCLE 

82720 82720·1 
Symbol Parameter 

Min. Max. Min. Max. 

TAR Ao setup to RDt 0 0 

TRA Ao hold after RDt 0 0 

TRR RD Pulse Width TRO+20 TRO+20 

TRO RDt to Data Out Delay 120 80 

TOF RDt to Data Float Delay 120 100 

TRV RD Recovery Time TCY TCY 

DATA BUS WRITE CYCLE 

82720 82720-1 
Symbol Parameter 

Min. Max. Min. Max. 

TAW Ao Setup'to WRt 0 0 

TWA Ao Hold after WRt 0 0 

TwW WR Pulse Width 120 100 

TOW Data Setup to WRt 100 80 

TWO Data Hold after WRt 0 0 

TRV WR Recovery Time 4 TCY 4 TCY 

DISPLAY MEMORY TIMING 

82720 82720-1 
Symbol Parameter 

Min. Max. Min. Max. 

TCA AqdressiData Delay from 2XCCLKt 30 160 30 130 

TAC Address/Data Float Time 30 160 30 130 

ToC Data Setup to 2XCCLKt TIE-20 TIE-20 

TCD Data Hold Time 0 0 

TIE 2XCCLKt to DBIN 120 90 

TCAH 2XCCLKt to ALE! 30 125 30 100 

TCAl 2XCCLKt to ALEt 20 100 20 80 

TAL ALE Low Time TCy+30 TCy+30 

TAH ALE High Time V3 TCY Va TCY 

TAV Address Valid Before ALEt 30 30 

TCO Video Signal Delay from 2XCCLKt 150 120 

6-494 

Test 
Units 

Conditions 

ns 

ns 

ns 

ns CL=50pF 

ns 

ns 

Test 
Units 

Conditions 

ns 

ns 

ns 

ns 

ns 

ns 

Test 
Units 

Conditions 

ns CL=50pF 

ns CL=50pF 

ns 

ns 

ns CL=50pF 

ns CL=50pF 

ns CL=50pF 

ns 

ns 

ns 

ns 
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A.C. CHARACTERISTICS (Continued) 

OTHER TIMING 

82720 8~72o.1 Test 
Symbol Parameter Units 

Conditions 
Min. Max. Min. Max. 

Tpc LPEN or VSYNC Input Setup to 2XCCLKt 30 20 ns 

Tpp LPEN or VSYNC Input Pulse Width TCY TCY ns 

CLOCK TIMING 

82720 82720-1 
Test Symbol Parameter Units 

Conditions 
Min. Max. Min. Max. 

TCY Clock Period 250 2000 200 2000 ns 

TCH Clock High 105 80 ns 

TCl Clock Low 105 80 ns 

TR Rise Time 20 20 ns 

TF Fall Time 20 20 ns 

DMATIMING 

82720 82720-1 
Test 

Symbol Parameter Units 
Conditions 

Min. Max. Min. Max. 

TACC \DACK~ Setup to RD or WR 0 0 ns 

TCAC RD or WR Setup to DACKt 0 0 ns 

TRR1 RD Pulse Width TRD1+ 2O TRD1+ 2O ns 

TRD1 RD~ to Data Out Delay 1.5 TCY 1.5 TCY ns CL=50pF 
+120 +120 

TKQ 2XCCLKt to ORO 45 40 ns CL=50pF 

TCQ RD or WR~ to DRO~ 395 315 ns 
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intJ 

WAVEFORMS 

QATA BUS TIMING 
READ CYCLE 

82720 

A ~E =x (SYSTEMS o ---''It-_______________ j'--__________ ADDRESS BUS) 

TAR 1 I TRR .' -+-TAA 

DATA BUS 
(OUTPUT) 

WRITE CYCLE 

\ .v \ (READ CONTROL) 

ro-TRD- -4-ToF--" 

/' I---- DATA VALID "'-
/' 

TRV 

(SYSTEMS 
'--__________ ADDRESS BUS) 

_--Tww---+ 

\ (WRITE CONTROL) 

-------.1''-----­
Tow"--' ~ Two 

DATA BUS DATA DATA 
(INPUT) ___ :::MA:;:;If~C:::.HA=NG=E=--__ .J 1< __ D_A_TA_Y._A_L_'D_-__ '-___ ..:;M::::A::..If.::C:.::HA~N:.::G:::E ___ _ 
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intJ 

WAVEFORMS (Continued) 

DMATIMING 
READ 

2XWCLK 

I....--.TKQ -

DREQ 

/ 

DBO-7 

WRITE 

2xWCLK 

DREQ 

_TRQAK-

1\ 

-

82720 

TAKRQ 

.. TCQ 

TAKl 

TACC '4-

TRR1 

\ 

-TR01 

6-497 

I--TKQ -

\ 

I+--TAKH-

V \ 
~ 

Ji 
- TCAC I-

I - TOF 

t DATA 'k. , 
'It VALID K-

TRV 

AFN-Q1512A 



WAVEFORMS (Continued) 

DISPLAY MEMORY TIMING 
READ/MODIFYIWRITE CYCLE 

81 

2xWCLK 

ADO-15 -+---(1 

A18,A17 

82720 

S2 S3 S4 

VALID 

.-t----TAL-------O}--
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WAVEFORMS (Continued) 

DISPLAY MEMORY TIMING (Continued) 
READ CYCLE 

OTHER TIMING 

2xWCLK 

ADo-AD" --+-~ 

A16.A17 

HSYNC 
YSYNC 
BLANK 
Leo·, 

ALE 

CSR 
CSRlIMAGE 
Af,BLANKICLC 

LPEN 

82720 

51 

YSYNC-----------

CLOCK TIMING 

2xWCLK 

6-499 
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